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Renewed interest in natural laminar flow (NLF) has rekindled de- 
signers' concerns that manufacturing deviations, (loss of surface contours 
or other surface imperfections) may destroy the effectiveness of NLF for 
an operational airplane. This report summarizes experiments that at- 
tempted to measure total drag changes associated with three different 
wing surface conditions on an airplane typical of current general aviation 
high performance singles. The speed power technique was f i rs t  used i n  an 
attempt to quantify the changes in total drag. The transition locations 
for the wing's boundary layer was set both naturally i n  free fl ight condi- 
t ions and art i f ic ia l ly  with transition strips at three different chordwise 
locations. These total drag comparisons were unreliable, partly due to the 
inherent uncertainty of the speed power technique and partly due a faulty 
torquemeter that went undetected unt i l  after the test airplane had been 
returned to i ts  production configuration. Predicted and measured boundary 
layer transit ion locations for the three different wing surface conditions 
were also compared, using two different forms of flow visualization. The 
three f l ight test phases included: (1) assessment of an unpainted air- 
frame, (2) fl ight tests o f  the same airplane after painstakingly f i l l i ng  and 
sanding the wings to design contours, and (3) similar measurements af- 
ter this airplane was painted. In each f l ight phase, transition locations 
were monitored using either sublimating chemicals or  pigmented oi l .  
Two-dimensional drag coefficients were estimated using the Eppler-Somers 
code and measured with a wake rake i n  a method very similar to Jones' 
p i tot  traverse method. The net change in  two-dimensional drag coeffi- 
cient was approximately 20 counts between the unpainted airplane and the 
"hand-smoothed" airplane for typical cruise f l ight conditions. 
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MEASUREMENT OF THE EFFECT OF 
MANUFACTURING DEVIATIONS ON 
NATURAL LAMINAR FLOW FOR A 
SINGLE ENGINE GENERAL AVIATION AIRPLANE 
INTRODUCTION 
There i s  a growing interest in the use of natural laminar flow for gen- 
eral aviation airplanes, fueled by the work of Holmes’ and his coworkers at the 
NASA Langley Research Center. In 1983 Mooney Aircraft Corporation and Texas 
A&M University received a grant to investigate the effects of deviations from 
a i r fo i l  design contours due to manufacturing errors for a general aviation air- 
plane that depends on substantial use of laminar flow for i t s  performance. The 
objective of this research was to  add to the rather l imi ted data base that 
quantifies the importance of  manufacturing deviations to attaining and main- 
taining laminar flow. Ultimately, manufacturing standards that can be accepted 
by the general aviation industry are sought. A production airplane that uses 
laminar flow wing design and for which there is  considerable production 
experience, the Mooney 231, was chosen as a source of additional data. The 
test airplane, N1173W, was selected at random from the Mooney production line 
for the project. 
Experimental Approach 
From the beginning of the project there were open questions as to how 
best to measure drag increments of the size that were anticipated. Flight test 
measurement of drag has always been a rather uncertain process. Though in i -  
t ia l  tests included carefully flown speed power points to establish the drag po- 
lar of the overall airplane, these tests were not expected to adequately doc- 
ument the changes in  drag associated w i t h  changing transition location. Con- 
sequently, provision was made to measure two-dimensional a i r fo i l  drag at a 
representative wing station with a wake probe. 
Comparisons of predicted and measured boundary layer transit ion, total 
drag, and two-dimensional drag coefficients were made. FI ight measurements 
of the boundary layer transition locations were made using both sublimating 
chemicals2 and of1 flow v i s u a l l ~ a t l o n ~ ~ ~  techniques. 011 flow measurements 
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provided more information i n  less test time and both methods gave transition 
locations that were essentially identical. These measured boundary layer tran- 
sit ion locat ions were also compared to predictions f rom the Eppler-Somers 
code. 
Measurements were made for three different surface conditi-ons to quan- 
t i f y  the changes in  performance as the wing contours were improved. First, a 
photogrammetry technique was used on the bare, unpainted wing to measure the 
actual a i r fo i l  profiles. Points for this technique covered both the upper and 
lower surfaces, but extra points were taken at wing station 133.0 and com- 
pared to the Mooney drawings for that station. These geometric data were used 
as input to the Eppler-Somers code and predicted aerodynamic coefficients 
were obtained. Unfortunately, the photogrammetry was very expensive and re- 
quired extensive data reduction outside project resources. This cost and spe- 
cialized data reduct ion precluded obtaining corresponding measurements after 
the wing was f i l led and painted. Consequently, the lofted contours of the air- 
f o i l  section at this same wing station were used for comparing to the experi- 
mental measurements for the f i l led and for the painted surface conditions. A 
conventional rotating wake probe, manufactured by Mooney and similar to the 
one used by Gregorekg, was then used to carefully measure the two-dimensional 
drag coefficient at wing station 133.0 on the right wing for each of the three 
surface conditions. These three sets of data take the a i r fo i l  prof i le f rom i ts  
"as-manufactured" condition to the "best" condition attainable with current 
sheet metal manufacturing and f inishing techniques. 
Aircraft Configuration 
The Mooney 231 i s  a turbocharged, single engine general aviation airplane 
ut i l iz ing the f i rs t  generation of laminar flow airfoi ls. Table 1 gives the lead- 
ing particulars of the basic airplane and Fig. 1 i s  a three-view drawing of the 
test airplane. An NACA 632215 is used at the root chord and an NACA 64,412 
is used at the t i p  A i r fo i l  sec- 
tions between these basic ones were obtained by fa i r ing the coordinates of 
these two airfoi ls along the spanwise stations. 
with a geometric twist of - 1 . 5 O  in the wing. 
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Fig. 1 Three-View of Test Aircraf t  
Instrumentation 
The aircraft was instrumented wi th  vanes to  measure angle of attack and 
sideslip, with pressure belts to measure surface pressures over a section of the 
wing, wi th  a wake rake to measure pressure losses, and with a torquemeter to 
measure power output f rom the engine. Pressures were routed through a stan- 
dard 48-port stepping valve and measured wi th  a diaphragm-type transducer, 
both provided by Texas A&M University. Mooney supplied their COMPUDAS air- 
born,e data acquisition system to record these parameters on casette tape. O f  
course, not a l l  the instrumentation was installed for  every test; fo r  obvious 
reasons, the pressure belt was removed before the two-dimensional drag 
4 
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measurements were made with the wake rake. Similarly, neither the wake rake 
nor the pressure belt was installed for the speed power tests. . 
Data Reduction 
In i t ia l  data reduction was carried out by Mooney engineers reading the 
raw data f i les f rom the COMPUDAS casettes into an IBM personal computer. 
The personal computer and commercial spreadsheet software were used to re- 
duce the data to engineering units and rough plots. The raw data, the engi- 
neering units results, and the rough plots were then forwarded to Texas A&M 
for further reduction and comparison to predictions from theory and computer 
analyses. 
Fig. 2 Grid Used to Determine Transition Locations 
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TEST RESULTS 
Test results are reported in the following section under three main 
headings: preparatory tests, tests of the complete airplane, and two-dimen- 
sional drag measurements. 
Preparatory Tests 
Several preliminary measurements and calibration tests were done i n  
preparation for the actual flight measurements. First, a gr id  was established 
and marked on the wing, establishing per cent chord reference lines. Fig. 2 i s  
a photograph i l lustrat ing the gr id  markings used. These reference markings 
were used during al l  later f low visualization fl ights to  measure transit ion loca- 
t ions. 
Photogrammetry. One of the most d i f f icu l t  questions faced i n  the plan- 
ning phases of the project was: How close are the design contours to the ac- 
tual manufactured a i r f o i l  sections? Various schemes have been used to try to 
measure these contours--from templates to plaster of paris molds to  digi t iz ing 
tables. Recently, photogrammetric mensuration has been applied to  parabolic 
antennae, space shuttle substructures, and wind tunnel models. Accuracies of 1 
part in 80,000 have been achieved with this technique6, which promised to give 
three-dimensional accuracies of k0.003 of an inch at any point on the semi- 
span of the wing. To explore the practicality of this technique, arrangements 
were made to  make such measurements on the test airplane at the Mooney plant 
in October-November 1983. The photographic data were forwarded to NASA 
Langley where Mr. Richard R. Adams digit ized and tabulated the data. Unfor- 
tunately, the scale tape for the photographs of the right wing was lost in 
shipment between the firm making the measurements and NASA Langley. This 
loss forced Mr. Adams to use scaling for the l e f t  wing targets i n  converting 
the photographic measurements for the r ight  wing to  Cartesian coordinates. 
Eventually, over 400 points were obtained to discretely represent the upper and 
lower left  wing surfaces. By attaching the retroreflective tape targets as close 
as possible near the leading edge, 87 points were photographed to characterize 
r ight wing station 133.0, where two-dimensional drag coefficients were mea- 
sured i n  flight. The forward 8% of the upper surface of the a i r fo i l  lofted 
by Mooney designers i s  compared with the photogrammetry measurements in 
Fig. 3. The scale fo r  Fig. 3 i s  purposely large to emphasize the very small 
6 
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differences that are involved in  the contours. Notice that only f ive measured 
photogrammetry points (excluding the leading point which was not directly 
measured) were obtained from the photogrammetry. The fact that the retrore- 
flective targets were approximately 0.25 inches in  diameter set the lower l i m i t  
for spacing of the points. 
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Fig. 3 Comparison of Photogrammetry Measurements and Lofted Contours 
a t  Right Wing Station 133.0 
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Pitot-static Calibration. Before precise performance measurements were 
possible i t  was necessary to  confirm the static pressure error  correction for 
this airplane. A modified tower f lyby technique was used to calibrate this sys- 
tem. The only change to the usual procedure was that Mooney used a locally 
manufactured optical tracker to determine the airplane's altitude. This cal- 
ibration was repeated four times during the program whenever any changes 
were made to the configuration. The data compared favorably to previous 
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Mooney static pressure system calibrations wi th the largest deviations on the 
order of 0.6 knot. Typical results are given i n  Fig. 4. 
LEGEND 
NGHT MANUAL CURVE 
YOONEY NGHT DATA 








A D  - - 0 M O  0 - 0 0  
1.0 - 0 0 - - P - - 0 0 0 A - 0 0  0 0  - A 
- 0 A 0 
0 0 - 
- 
0.5 - 0 A A 0 - - A - 
- - A - - - 
0 . 0 7  I I I I I 1  I 1  I ' I 1  I I I I I I I I I 1  I 1  I I I 1 1 1 1 1 1 I l  















INSTRUMENT CORRECTED AIRSPEED (Vic) - Knots 
Fig 4. Typical Pitot-static Calibration 
Total Drag Measurements 
Speed power tests are the most commonly used f l ight test method for 
obtaining the overall drag curves for an airplane. Unfortunately, there are 
several unknowns that preclude measurement of the airplane drag polar with 
enough precision to accurately estimate the changes i n  skin f r ic t ion drag as- 
sociated with small shifts i n  the transit ion location. When these tests were 
begun, Mooney personnel hoped to  be able to minimize this uncertainty by 
careful attention to  speed power measurements and at least approximate the 
changes in skin f r ic t ion drag with speed power drag polars; but the data sug- 
gest that this goal was not attained. 
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Baseline Airplane. The unpainted airplane was used as the baseline con- 
figuration. Speed power data were taken on seven different f l ights during the 
f i rs t  phase of the program. After some in i t ia l  dif f icult ies with the tor- 
quemeter and skin repairs necessitated by a gear up landing, the drag polar 
shown in Fig. 5 was obtained. A straight l ine was f i t ted through al l  the points 
to give the best measured drag polar for this baseline configuration. 
where K = l / n e A R  
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LEGEND 
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SQUARE OF AIRPLANE LIFT COEFFICIENT 
Fig. 5 Drag Polar for the Baseline Airplane 
The paras.ite drag coefficient was approximately 4 counts under the value used 
by Mooney i n  their Pilot's Handbook, less than a 2% difference. However, the 
measured airplane efficiency factor using this technique was less precise. The 
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slope of this measured drag polar was 0.0661, giv ing an airplane efficiency 
factor (e) about 12% lower than that used in the Pilot's Handbook. While the 
"off icial" Mooney drag polar i s  hardly exact, this comparison indicated a 
highly uncertain slope for the drag polars based on speed power tests. The 
method looked even less attractive as a measure of small drag changes after 
reviewing these results. 
Featherfilled Wing. After the wing was featherfilled, speed power mea- 
surements indicated that the minimum drag increased about 4 counts compared 
to the bare wing and the slope of the drag polar decreased to 0.0576, resulting 
i n  and efficiency factor within 1% of the standard Mooney value. Whi le this 
result compared much more favorably w i t h  Mooney performance figures, the 
large change in  slope from the value measured for the baseline airplane left 
considerable doubt about the accuracy of the airplane efficiency factor e. 
Painted Wing. Painting the wing produced relatively small changes in 
the drag polar. The minimum drag coefficient was 0,0189, the same as the 
featherfilled condition, but the slope increased slightly, resulting in an airplane 
efficiency factor approximately 2% less than that for the standard Mooney 231. 
Fig. 6 illustrates the drag polar measured for this surface condition. 
Fixed Transition. To check the feasibi l i ty o f  measuring drag changes due 
to different transition locations, strips of tape approximately 0.009 inches 
thick were fastened to the upper and lower surfaces of the wing at 5%, lo%, 
and 25% chord locations. Flow visualization was used to check that these 
strips d id  t r ip the boundary layer f rom laminar to turbulent. Speed power 
tests were then flown with these strips attached and Table 2 summarizes the 
differences in  these measurements. Again, the trends i n  the minimum drag 
coefficient are surprisingly consistent but the slopes are less certain. For 
example, the measured change in C, between natural transition and transition 
fixed at 5% chord was 15 drag counts. Using the Eppler-Somers code" with 
transition fixed at these two locations to predict the difference in two-dimen- 
sional drag coefficient produced an estimated change of 33 counts. (This es- 
t imate involved converting the calculated two-dimensional change to an equiv- 
alent three-dimensional Co.) As Table 2 shows, the measured changes in drag 
using the speed power method were substantially different (approximately 50 to 
75% less) from values estimated using this code. I t  i s  unclear whether these 
results indicate that the estimates based on the two-dimensional resul s are 
optimistic, that the measured three-dimensional results are pessimist c, or  
some combination of these two  possibilities. 
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Table 2. Changes in Skin Friction Drag Coefficient 
Transition Location Calculated ACDt Measured AC,, 








Overall Observations. If a typical cruise l i f t  coefficient of 0.2 i s  as- 
sumed for comparison purposes, the changes in total drag coefficient calculated 
from these measured drag polars seem unlikely. In every case CD at these 
flight conditions is  larger after the wing surfaces were filled, sanded, and 
painted than i t  was for the bare metal wing surfaces. Coupling this fact with 
the results concerning the uncertainty in the measurement of the slopes (K) 
and the differences cited between the Eppler-Somers calculations and the ex- 
perimental data strongly indicates that speed power measurements did not ad- 
equately measure the changes in drag coefficient associated with shifts i n  
boundary layer transition. As noted previously, this result was anticipated. 
(Later f l ight tests using the same torquemeter on a different airplane indicated 
that the torquemeter calibration may have been shi f t ing erratically. However, 
by the time this possible instrumentation problem became known, the wing 
surfaces had been featherfilled and i t  was not possible to recover the original 
unpainted condition.) Conf irmation of the inadequacy of these speed power 
measurements for this purpose pointed up the importance of conducting the 
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Two-Dimenshl Drag Measurements 
As mentioned previously, two-dimensional drag coefficients were mea- 
sured using a wake probe at  wing station 133.0 on the right wing. This probe 
measured both total and stat ic pressure in  the wake; however, the stat ic pres- 
sure or i f ice was aligned with the chord l ine of the wing and no attempt was 
made to correct for the misalignment of the flow in the wake. Comparisons 
were made between two-dimensional drag coefficients calculated using stat ic 
pressures measured in the wake and those calculated using measured free 
stream static pressure. The differences were small, on the order of 4 drag 
counts at  low C, and 10 drag counts at high C,. The drag coefficients calcu- 
lated using wake probe measured stat ic pressure were slightly higher, but not 
quite as consistent in repeatability as those calculated wi th  the boom static 
source as the reference. Because of this slightly improved repeatability, the 
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data discussed i n  the following sections are al l  referenced to the boom-mea- 
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Fig. 7 Two-Dimensional Drag Coefficients--Natural Transition 
Natural Transition. Fig. 7 summarizes the two-dimensional drag coeff i- 
cients measured for each surface condition investigated. Each data point is  
the average of 3 or 4 wake probe sweeps at the same fl ight condition. These 
data are consistent i n  that the smoothed wing surfaces (featherfi l led and 
painted) produced measurable drag reductions. A t  airplane l i f t  coeff icients of 
0.2 to 0.3 (cruise) the smoothed surfaces reduced cd by about 22 drag counts, 
a reduction of over 25% compared to the bare metal wing. As angle of attack 
increased, this difference decreased, a fact of l i t t le  importance to the designer 
trying to improve cruise performance with laminar flow. 
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Fig. 7 also shows that paint ing the featherfilled surface had l i t t le  or no 
effect on measured two-dimensional drag coefficients. Painting the surface 
after featherf i l l ing produced essentially no change in cd except at  a C, of 
about 0.2. In fact most of  the data show a slightly lower cd pr ior  to  paint ing 
the surface, but the differences l i e  well w i th in  the measurement uncertainty. 
The obvious conclusion i s  that el iminating surface irregulari t ies that deviate 
f rom the design contours i s  far  more important for  drag reduction than simply 
paint ing the airplane. Painting the airplane without correcting the a i r fo i l  
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Fixed Transition. Fig. 8 shows the consistency of the two-dimensional 
measurements when t r ip  strips were added. The wake probe technique clearly 
shows the changes in cd associated with progressively rearward transition to a 
turbulent boundary layer. Table 3 summarizes the two-dimensional drag change 
at C, = 0.2 for each t r ip  str ip location. Notice that the total change for the 
transition fixed at 25% chord is just under twice the change i n  cd achieved by 
smoothing the wing surfaces. The measured values are also compared to two- 
dimensional drag coefficients computed with the Eppler-Somers code for this 
fl ight condition. In this case the computed cd's are slightly optimist ic com- 
pared to the measured ones. Notice that for the natural transition case, the 
computed cd i s  only about 3.4% optimistic. The consistency of the drag in- 
crements and the reasonable correlation with Eppler-Somers estimations sug- 
gests that the two-dimensional measurements were the most accurate drag 
measurements of those made. 
Table 3. Changes in Two-Dimensional Drag Coefficient at Cruise 
Transition Location Measured cd Calculated cd 
.05c 0.0097 0.0090 
.1oc 0.0090 0.0086 
.25c 0.0075 0.0072 
Free 0.0058 0.0056 
CONCLUSIONS AND RECOMMENDATIONS 
Flight test measurement o f  drag changes associated with three different 
surface conditions was completed satisfactorily using Jones' method of measur- 
ing the changes in total and static pressures across the wake. The following 
conclusions were drawn from these measurements. 
1. Surface condition of the air fo i l  was an a very strong factor in 
reducing cd' Apparently, how closely the design profi le is  maintained 
was the most important factor. Reductions in cd of approximately 25% 
were attained by simply using a standard aircraf t  surface f i l ler  and 
sanding i t  carefully by hand to match the design a i r fo i l  as closely as 
could be measured with a template. 
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2. Painting the surfaces with the standard production f in ish had l i t t le  
effect on the two-dimensional drag coefficient. Apart f rom a region 
near an airplane C, = 0.2, the painted surface showed a negligible in- 
crease in  drag over the surface that was simply filled. Of course, high 
speed cruise near C, = 0.2 is  of considerable interest to operators. So 
the decrease in  cd associated with paint ing the featherfilled a i r fo i l  may 
be important, even though the change was only on the order of 7-10 
drag counts. 
3. Using transition strips to f i x  transit ion at known locations and 
verifying through flow visualization that transit ion was occurring at the 
chosen locations provided additional confidence in the wake measure- 
ment technique. 
4. For a limited number of cases the agreement between measured cd 
and cd calculated from the Eppler-Somers computer code was good. The 
computed value for natural transit ion was less than 4% lower than the 
measured one at a high speed cruise flight condition. 
This project reemphasized the dif f iculty of making precise drag measure- 
ments in flight. Even w i t h  painstaking attention to accuracy, either instru- 
mentation problems or f l ight techniques (or both) made the speed power results 
inconsistent. The most troublesome measurement was the airplane efficiency 
factor, derived from the slope of the C, versus CL2 curve. This slope varied in 
excess of 10% for  no apparent change i n  configuration or surface condition. 
Moreover, the measured total drag coefficients using this approach gave 
changes i n  drag that were directly opposite to the two-dimensional drag coef- 
f icients measured using Jones' p i tot  traverse method. The speed power drag 
polars indicated that bringing the wing's a i r fo i l  closer to i t s  design coordi- 
nates increased the overall C,, not at al l  a believable result. 
Based on these conclusions, the following recommendations are made. 
1. Gains i n  performance due to  extensive laminar flow, even for the 
older laminar flow airfoils, are achievable but only i f  a i r fo i l  contours 
are manufactured accurately. More research needs to be done to ascer- 
ta in whether or not the additional cost is  less with conventional alu- 
minum structures or with advanced composites. Market conditions for 
general aviation airplanes w i l l  then determine whether or not the addi- 
t ional expense is justified. 
2. Flight test drag measurements should be made redundantly, wi th 
completely independent methods used to check their validity. 
3. A flight test method i s  needed that is less time-consuming than 
either the speed power or the p i to t  traverse methods. Performance 
modeling methods offer some promise, but instrumentat ion requirements 
are usually prohibit ive for small test organizations. 
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Torquemeter, Wing Rake, Angle of Attack 
Vane Installed on Boom Number 1 
Speed Power/No Change 
Airspeed Calibration/Video Camera In- 
stal led 
Airspeed Calibration/No Change 
Speed Power/Video Camera Removed 
C,-a/No Change 
Airspeed Calibration/Video Camera In- 
stalled 
Speed Power and C,-a/Video Camera Re- 
moved 
Wing Rake Survey/No Change 
C,-a/No Change/Weather Abort 
Sublimation (C, = 0.2)/Torquemeter Re- 
moved 
Sublimation (C, = 0.2)/No Change 
Sublimation (C, = 0.4)/No Change 
Sublimation (CL = O.S)/No Change 
Sublimation (C, = 0.2)/No Change 
Wing Rake Survey/Video Camera Installed/ 
Abort for lnstrumentaion 
Wing Rake Survey/Video Camera Removed, 
Oscillograph and Inverter Installed, 
Magnetic Tape Installed 
Instrumentation Checkout/No Change 
Instrumentation Checkout/No Change 
Instrumentation Checkout /No Change/ 
Gear Up Landing 
Baseline Speed Power/New Engine In- 
st ai led, Torquemen ter I ns tal led, Gear 
Up Landing Damage Repaired, New Pitot 
Head Installed, New Rudder Installed 
Wing Rake Survey (C, = 0.2, 0.3, 0.4)/ 
No Change 




























































7 - 2 7 - 8 3 
Wing Rake Survey (C, = 0.2, 0.3, 0.4)/ 
instrumentat ion Checkout/Auxil iary 
Battery Installed for Oscillograph, Re- 
moved "T" Connection for Wake Ap 
Wing Rake Survey (C, = 0.2, 0.3, 0.4) 
Instrumentation Checkout/Wake Rake Ap 
Transducer Moved Halfway to Rake 
(Under lnver t er Pal let ) 
Wing Rake Survey Instrumentation Check- 
out/No Change 
Wing Rake Survey Instrumentation Check- 
out/No Change 
Wing Rake Survey (C, = 0.2, 0.3, 0.4)/ 
No Change 
Wing Rake Survey (C, = 0.2, 0.3, 0.35, 
0.4)/No Change 
Wing Rake Survey (C, = 0.2, 0.3, 0.4) 
Sublimation (C, = 0.2, 10% Trip Strip, 
Masking Tape)/No Change 
Sublimation (C, = 0.3)/No Change 
Sublimation (C, = O.S)/No Change 
Sublimation (C, = 0.4)/No Change 
Sublimation (C, = 0.2, 10% Trip Strip, 
Pinked Masking Tape, Upper and Lower)/ 
No Change 
Sublimation (C, = 0.2, 10% Trip Strip, 
Double Layer Masking Tape, Upper and 
Lower)/No Change 
Sublimation (C, = 0.2, 10% Trip Strip, 
Duct Tape, Upper and Lower)/No Change 
Sublimation (C, = 0.3, 10% Trip Strip, 
Duct Tape, Upper and Lower)/No Change 
C,-a and Wake Rake Survey 
(C, = 0.2, 0.3, 0.4; 10% Trip Strip, 
Duct Tape, Upper and Lower)/No Change 
Speed Power, C,-a and Wake Rake Survey 
(C, = 0.2, 0.3, 0.4; 10% Trip Strip, 




























































Sublimation (C, = 0.3; 10% Trip Strip, 
Duct Tape, Upper and Lower)/No Change 
Sublimation (C, = 0.4; 10% Trip Strip, 
Duct Tape, Upper and Lower)/No Change 
Speed Power and Wing Rake Survey, (10% 
Trip Strip, Duct Tape, Upper and Lower)/ 
Repaired Damaged Left Main Gear Door, 
Reset Right Main Gear Door 
Speed Power (10% Trip Strip)/No Change 1.5 
Speed Power (10% Trip Strip)/No Change 1.5 
Speed Power (Basel ine)/No Change 1.6 
Wing Rake Survey 0.5 
Wing Rake Survey (25% Trip Strips Upper 1.3 
and Lower)/No Change 
Sublimation (C, = 0.2, 25% Trip Strips 0.5 
Upper and Lower)/No Change 
Sublimation (C, = 0.3, 25% Trip Strips 0.4 
Upper and Lower)/No Change 
Sublimation (C, = 0.4, 25% Trip Strips 0.4 
Upper and Lower)/No Change 
Speed Power and C,-a, 25% Trip Strips 1.7 
Upper and Lower)/No Change 
Speed Power and C,-a, 25% Trip Strips 1.8 
Upper and Lower)/No Change 
Wing Rake Survey (C, = 0.2, 0.3, 0.4, 0.6 
25% Trip Strips Upper and Lower)/No Change 
Wing Rake Survey (C, = 0.2, 0.3, 0.4, 0.4 
Baseline)/No Change 
1.0 
Easel i ne)/No Change 
0.9 
Upper and Lower)/No Change 
Speed Power, C,-a and Wake Rake Survey, 1.5 
5% Trip Strips Upper and Lower)/No Change 
Pressure Belt, Wing Rake Survey (Instru- 0.7 
mentaf ion Checkout) 





Wing Rake Survey (C, = 0.2, 0.3, 0.4, 
Sublimation (C, = 0.2, 5% Trip Strips 
A-3 











































Pressure Belt, Wing Rake Survey (Instru- 
mentat ion Checkout) 
Pressure Belt, Wing Rake Survey (Instru- 
mentat ion Checkout) 
Pressure Belt, Wing Rake Survey 
Pressure Belt, Wing Rake Survey 
Pressure Belt 
Pressure Belt 
Pressure Belt wi th  Larger Diameter Tubes 
Installed, Oscillograph and Inverter Re- 
moved, Scannivalve installed, Compudas 
Installed, New Engine (Instrumentation 
Checkout) 
Wing Rake Survey, Pressure Belt 
(C, = 0.2, 0.25, 0.3, 0.35) 
Wing Rake Survey, Pressure Belt, Abort 
(First Flight after 100-hour Inspection) 
Wing Rake Survey, Pressure Belt 
Wing Rake Survey, Pressure Belt, Speed 
Power 
Wing Rake Survey, Pressure Belt, Speed 
Power, C,-a 
Speed Power (Abort for  Weather) 
Speed Power 
Speed Power, Wake Rake, Pressure Belt 
Tubes Cut at  TE/TE Extension Removed 
Speed Power, Wake Rake, Pressure Belt 
Removed 
Speed Power, Wake Rake, Cleaned Bottom 
of Wing 
Abort Due to Weather, Reset Right Gear 
Door and Right Cowl Flap 
Speed Power, Wake Rake 
Speed Power 
Speed Power, Wake Rake, Abort Due to  
Weather, Removed Tape and Pressure Belt 
Wires f rom TE o f  Wing, Recalibrated ASI, 

































































Speed Power, Wake Rake 
Speed Power 
Wing Rake Survey, 0.0% Trip Strip on 
Right Wing Only 
Wing Rake Survey, 0.10~ Trip Strip on 
Right Wing Only 
Wing Rake Survey, 0.25~ Trip Strip on 
Right Wing Only 
Sublimation, Clean (No Trip Strip), 
C, = 0.2, Wings Featherfilled, Wing Rake 
Installed 
Sub1 imat ion, Clean (No Trip S t r  ip), 
C, = 0.2, Wings Featherfilled, Wing Rake 
Wake Rake, C,-a 
Sublimation, Clean (No Trip Strip), 
C, = 0.2, Wings Featherfilled, Wing Rake 
Speed Power, Prop Sanded 
Speed Power 
Speed Power 
Sublimation, Clean (No Trip Strip), 
C, = 0.2, Wings Featherfilled, Wing Rake 
Sublimation, Clean (No Trip Strip), 
C, = 0.3, Wings Featherfilled, Wing Rake 
Abort (too hot) 
Sublimation, Clean (No Trip Strip), 
C, = 0.3, Wings Featherfilled, Wing Rake 
Sublimation, Clean (No Trip Strip), 
C, = 0.3, Wings Featherfilled, Wing Rake 
Bottom of Wing 
Sublimation, Clean (No Trip Strip), 
C, = 0.3, Wings Featherfilled, Wing Rake 
Bottom of Wing 
Sublimation, Clean (No Trip Strip), 
C, = 0.3, Wings Featherfilled, Wing Rake 
Bottom of Wing 
Sublimation, Clean (No Trip Strip), 
C, = 0.4, Wings Featherfilled, Wing Rake 
Sublimation, Clean (No Trip Strip), 

















































Sublimation, Clean (No Trip Strip), 
C, = 0.2, Wings Featherfilled, Wing Rake 
Sublimation, 0 . 0 5 ~  Trip Strip (Double 
Layer of Duct Tape), C, = 0.2, Wings 
Featherfilled, Wing Rake 
Speed Power, 0 . 0 5 ~  Trip Strip (Double 
Layer of Duct Tape), C, = 0.2, Wings 
Featherfilled, Wing Rake, Abort Due to 
Weather 
Speed Power, 0 . 0 5 ~  Trip Strip (Double 
Layer of Duct Tape), C, = 0.2, Wings 
Featherfilled, Wing Rake, C,-a 
Sublimation, 0 . 0 5 ~  Trip Strip (Single 
Layer of Duct Tope), C, = 0.2, Wings 
Featherfilled, Wing Rake 
Sublimation, 0.0% Trip Strip (Single 
Layer of Duct Tape), C, = 0.2, Wings 
Featherfilled, Wing Rake 
Speed Power, 0.0% Trip Strip (Single 
Layer of Duct Tape), C, = 0.2, Wings 
Featherf illed, Wing Rake 
Speed Power, 0.0% Trip Strip (Single 
Layer of Duct Tape), C, = 0.2, Wings 
Featherfilled, Wing Rake, C,-a 
Speed Power, 0.10~ Trip Strip (Single 
Layer of Duct Tape), C, = 0.2, Wings 
Featherfilled, Wing Rake, CL-a 
Speed Power, 0.0% Trip Strip (Single 
Layer of Duct Tape), C, = 0.2, Wings 
Featherfilled, Wing Rake, C,-a 
Speed Power, 0 . 2 5 ~  Trip Strip (Single 
Layer of Duct Tape), C, = 0.2, Wings 
Featherfilled, Wing Rake, C,-a, Abort 
Due to Tape Strip 
Speed Power, 0 . 0 5 ~  Trip Strip (Single 
Layer of Duct Tape), C, = 0.2, Wings 
Featherfilled, Wing Rake, CL-a 
Speed Power, 0 . 0 5 ~  Trip Strip (Single 




















































Speed Power, 0.0% Trip Strip (Single 
Layer of Duct Tape), Wings Featherfilled 
Sublimation, No Trip Strip, C, = 0.3, 
Wings Featherfilled, Wing Rake 
O i l  Film, No Trip Strip, C, = 0.3 and 
0.4, Wings Featherfilled, Wing Rake 
O i l  Film, No Trip Strip, C, = 0.2 and 
0.3, Wings Featherfilled, Wing Rake 
O i l  Film, No Trip Strip, C, = 0.2, 0.3, 
and 0.4, Wings Featherfilled, Wing Rake 
O i l  Film, No Trip Strip, C, = 0.2, 0.3, 
and 0.4, Wings Featherfilled, Wing Rake 
O i l  Film, No Trip Strip, C, = 0.2, 0.3, 
and 0.4, Wings Featherfilled, Wing Rake 
Speed Power, No Trip Strip, Wings 
Featherf illed, Wake Rake 
Speed Power, No Trip Strip, Wings 
Featherf illed, Wake Rake 
Speed Power, No Trip Strip, Wings 
Featherf illed, Wake Rake 
O i l  Film, No Trip Strip, C, = 0.2, 0.3, 
and 0.4, Wings Featherf illed, Wing Rake, 
Torquemeter Removed 
O i l  Film, No Trip Strip, C, = 0.2, 0.3, 
and 0.4, Wings Featherfilled, Wing Rake, 
O i l  Film, No Trip Strip, C, = 0.2, 0.3, 
and 0.4, Wings Featherf illed, Wing Rake, 
Wing Rake, No Trip Strip, Wings 
Featherf illed, Recalibrated ASI, Removed 
200# Ballast, Reweigh 
Wing Rake, 0.05~ Trip Strip (Right Wing 
only), Wings Featherfilled 
Wing Rake, 0.10~ Trip Strip (Right Wing 
only), Wings Featherf i l led 
Wing Rake, 0.2% Trip Strip (Right Wing 
only), Wings Featherfilled 
Speed Power, Wing Rake, Aircraft Painted 
with Production Paint Job, Torquemeter, 






















































Sublimation (Upper Wing), C, = 0.2 
Sublimation (Lower Wing), C, = 0.2 
Sublimation (Upper Wing), C, = 0.2 
Speed Power,  Wing Rake 
Speed Power,  Wing Rake, 0 . 0 5 ~  Trip 
Strip 
Speed Power, Wing Rake, 0.10~ Trip 
Strip 
Speed Power,  Wing Rake, 0.2% Trip 
Strip 
Sublimation, No Trip Strips, C, = 0.2 
O i l  Film, No Trip Strips, C, = 0.2 & 0.4 
O i l  Film, No Trip Strips, C, = 0.3 
Sublimation, No Trip Strips, C, = 0.2 
Sublimation, No Trip Strips, C, = 0.2 
Sublimation & O i l  Film, No Trip Strips, 
O i l  Film, No Trip Strips, C, = 0.2 
Sublimation, No Trip Strips, C, = 0.2 
e, = 0.2 



















WAKE PRESSURE DATA 
WAKE PRESSURE DATA 
The following computer-generated data summarize wake rake 
measurements made on the left wing at WS 133.00. They were provided by 
Mooney Aircraft along with data diskettes where the pressure data were 
reduced and plotted for individual runs on specific flights. These tabulations 
are included for completeness and to allow interested readers to duplicate 
the results summarized in the body of the the report. 
The two-dimensional drag at this location on the wing was calculated 
from each of the runs and the tabular data summaries show the calculated 
coefficients. The data diskettes provided with this report give the spread 
sheets that were provided by Mooney. Personnel at Texas A&M University 
recalculated (ut i l iz ing the method described by Jones’) these two- 
dimensional drag coefficients using static pressure measured i n  the wake as 
a reference pressure rather than the freestream static pressure measured at 
the test boom as uti l ized by Mooney. The differences between these two 
calculations were small, on the order of 4-10 drag counts, with the larger 
values occurring at higher angles of attack. This difference did affect the 
repeatability of the measured drag coefficients slightly; so, as noted in the 
body of the report, only data using the boom-measured static pressure as a 
reference were discussed. 
Also, no data from wake surveys made before Flight 82 are included 
since the instrumentation did not function properly unti l  this f l ight and 
later. The fl ight summaries in Appendix A concisely summarize the changes 
that were made. The wake survey equipment actually became functional on 
fl ights 67, but the data taken on Flights 67 through 81 were all with pressure 
belts on the wing at the station of interest. Consequently, the two- 
dimensional drag coefficients measured on these fl ights were not applicable 
for the purposes of this project. These data are included on the data 















































NASA NLF PROJECT 

















(reference static pressure: test boom) 
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RESULT SUMMARY (No Tripper Strip) 





































































































































































RESULT SUMMARY (10% Tripper Strip) 























































































































































































































SPEED POWER DATA 
SPEED POWER DATA 
The following computer printouts were provided by Mooney Aircraft 
with no data diskettes to allow automated data transfer. The data were en- 
tered by hand into a spread sheet and the drag polars were calculated at 
Texas A&M. The statistical information indicating the data scqtter are 
shown on the second sheet. These data reductions (all done i n  Lotus 1-2-3 
worksheet fi les) are included on the data diskettes supplied with the report. 
These data diskettes w i l l  allow interested readers to duplicate the results 
summarized i n  the body of the the report. The Mooney data are included as 
the original source documents. 
c-1 
PROP 
EFF WE I GHT CL2 
c-2 
PRESSI-RE OAT IJ I tJG w I t-4G 
FiLT 1 TUGE HRER SPA14 
174.7% 36.1 lzr 8008 33 
CfiS tfE BHP PROP 


















































m 0546 . 0739 . 077 . $836 
m 1253 





1056 . 1379 
1634 . 185 
















FEESSURE OHT Id I t4G W I tJC 
ALT I TClDE HREH 5FHt I  
- .  
WE I GiT CD 
m 0289 




* 8229 . 0226 . 8223 . 0241 . 0261 
827 









8748” . 8713 
8862 
1128 
















CD I /‘CD 
0683 
8883 




1332 . 1525 . 1342 




LIFT AND DRAG FROM SPEED POWER DCITA 
MODEL M2rirK 
FLT NO: 21 
N1173W (NASA) BASE LINE fiFTER REBUILD--WING RAKE--+ 8oo* 
























PRESSURE OAT WING WING 
ALTITUDE AREA SPAN 
8@00 50 174.786 36.1 
BHP PROP 














.8581 . 8613 . 8646 . 8667 . 8664 . 866 . 8657 
8654 . 8649 











-0262 . MZ45 . a226 . 0226 . @216 . 821 
021 
.a201 . 02 . 0202 
0199 
CL2 
.1315 . 0994 . 0759 
e a65 . 0539 . a465 . 0423 















.1736 . 1432 
123 
.1863 . w 4 4  
.0859 
.0775 . 8723 . a656 . a1596 
c-5 
BARE AIRPLANE, N1173W, FREE TRANSITION, FLT 21 
7-7-83 
Sr i S t i  CL CL * CD CL4 c L 2 c D  cDCALC 
0.0000 0.0000 0.0180 0.0180 
0.1668 0.0278 0.0199 0.0008 0.0006 0.0198 4.30E-09 3.79E-06 
0.1760 0.0310 0.0202 0.0010 0.0006 0.0200 2.60E-08 3.04E-06 
0.1840 0.0339 0.0200 0,0011 0.0007 0.0202 5.08E-08 2.42E-06 
0.1912 0.0366 0.0201 0.0013 0.0007 0.0204 9.02E-08 1.91E-06 
0.2057 0.0423 0.0210 0.0018 0.0009 0.0208 5.15E-08 1.02E-06 
0.2156 0.0465 0.0210 0.0022 0.0010 0.0210 1.88E-09 5.45E-07 
0.2321 0.0539 0.0216 0.0029 0.0012 0.0215 6.10E-09 6.76E-08 
0.2549 0.0650 0.0226 0.0042 0.0015 0.0222 1.29E-07 2.1 1E-07 
0.2755 0.0759 0.0226 0.0058 0.0017 0.0229 1.22E-07 1.36E-06 
0.3154 0.0995 0.0245 0.0099 0.0024 0.0245 5.56E-10 7.26E-06 




Straight Line F i t  Statistics 
CD = ,018032 + ,064783C~~ 
Mean = 2.178181818182E-02 
SEE = 2.313974380158E-04 
(SEE = Standard Error of Estimate) 
C-6 
LIFT AND DRAG FROM SPEED POWER DATA 
MODEL M2WK 
FLT NO: 23 
BASELINE SFEED/POWEH-LT.WT.,LOW ALT. 
PRESSURE OAT WING WING 
ALTITUDE AREA SPAN 
3E180 71 174.786 36.1 
CAS VE BHP PROP 
(KTS) (KTS) EFF WEIGHT CL CD CL2 1/CD CDI/CD 
169.1 168.9 2a6.7 -8755 2619.8 -1552 .a194 -8241 51.7 =@531 
163.8 163.6 193.3 -8759 2689.8 -1647 .fill99 .!3271 58.2 .f3581 
161.0 160.8 185.1 -8762 26L33.8 -1781 .@2W1 .Cf289 49.8 .Ii1614 
123.4 123.3 99.2 -8546 2583.8 .2871 -8233 .f9824 42.9 .151 
1312r.6 13a.5 112.6 -8594 2588.8 -256 .a224 .@656 44.5 -1247 
136.6 136.5 123.9 -8636 2372.B .2333 -8217 .a544 46.1 . l072 
e-7 
BARE AiRPLANE, N1173W, FREE TRANSITION, FCT 23 
7-12-83 
Straight Line F i t  Statistics 
CD = ,018091 + .064598C~~ 
Mean = 2.113333333333E-02 
SEE = 1.669578998899E-04 
C-8 
LIFT AND DRAG FROM SPEED F'OWEH DATA 
MODEL M28K 
FLT NO: 48 
N1173W l @ X  TRIPPER STRIP (DUCT TAPE) 8-3-83 
PRESSURE OAT WING WING 
ALT I TUDE AREA SPAN 
700B 59 174.786 36.1 
CAS VE BHP PROP 















































.2534 . 2386 . 2236 
921 . 1987 
.1868 . 1788 
,0284 . 8268 . 171258 
.W246 
.8242 . tZi236 
.f3234 . a223 
9 0221 
.a218 . cull . a289 
CL2 
.14B2 




















.2111 . 1884 
163 . 1484 . 1345 
.116 . 1038 
.8956 . 885 1 . a772 . fa7(irs . 0653 
c-9 
BARE AIRPLANE, N1173W, TRANSITION FIXED A T  O.lOC, FLT 40 
13-3-83 
Sr i S t i  CL CL2 CD CL4 cL2co cDCALC .................................................................... ------_-------------__^_________________---------------------------- 
0.0000 0.0000 0,0190 0.0190 
0.1788 0.0320 0.0209 0.0010 0.0007 0.0212 a 8.05E-08 6.59E-06 
0.1868 0.0349 0.0211 0.0012 0.0007 0.0214 8.01E-08 5.60E-06 
0.1987 0.0395 0.0218 0.0016 0.0009 0.0217 1.09E-08 4.22E-06 
0.2100 0.0441 0.0221 0.0019 0.0010 0.0220 8.03E-09 3.03E-06 
0.2236 0.0500 0.0223 0.0025 0.0011 0.0224 1.26E-08 1.79E-06 
0.2386 0.0569 0.0234 0.0032 0.0013 0.0229 2.66E-07 7.49E-07 
0.2534 0.0642 0.0236 0.0041 0.0015 0.0234 4.80E-08 1.36E-07 
0.2764 0.0764 0.0242 0.0058 0.0018 0.0242 1.29E-10 2.13E-07 
0.2923 0.0854 0.0246 0.0073 0.0021 0.0248 5.18E-08 1.16E-06 
0.3138 0.0985 0.0258 0.0097 0.0025 0.0257 7.11E-09 3.86E-06 
0.3368 0.1134 0.0268 0.0129 0.0030 0.0267 4.17E-09 8.91E-06 
0.3744 0.1402 0.0284 0.0196 0.0040 0.0286 2.49E-08 2.31E-05 
5.94E-07 5.94E-05 
.................................................................... .................................................................... 
Straight Line F i t  Stat ist ics 
CD = ,019005 + .068149C~~ 
Mean = 2.375000000000E-02 
SEE = 2.436611352861E-04 
(SEE = Standard Error of Estimate) 
c-10 
~ 
I .  
L I F T  AND DRAG FROM SPEED POWER DATA 
MODEL M28K 
. FLT NO: 43 
N1173W l@X STRIPS REPAIRED GR DOOR 8-la-83 
PRESSURE OAT WING WING 
ALTITUDE AREA SPAN 
8lilB8 55 174.786 36.1 
CAS VE RHP PROP 





















































2746. B .3355 
2744 . Qt . 3W6 1 
2756 . B . 289 1 
2728.a -2734 
2722.@ ,2557 
2715. Q .Z48 
2787.8 . 2207 
2788. cj . 2182 
2692. !if . 1976 
2681.U .1829 
-6315 . !$a279 . $93272 . 8269 . 1242 . #246 . b24 1 
.et232 





















.1783 . 165 . 1449 
.1 3L& . 12a3 . 1.645 . Cj94 1 
.a862 . 8778 . C!68 1 
7-3 
e-1 1 
BARE AIRPLANE, N1173W, TRANSITION FIXED A T  O.lOC, FLT 43 
8-10-83 
I 
S t  i St i  CL CL2 CD CL4 c L 2 c D  cDCALC 
,,,,,,,,,,,,,,,,,,,,_,--------------,-- .................................................................... 
0.0000 0.0000 0.0190 0.0190 
0.1829 0.0335 0.0210 0.0011 0.0007 0.0211 1.07E-08 1.15E-05 
0.1976 0.0390 0.0214 0.0015 0.0008 0.0215 3.89E-09 9.23E-06 
0.2207 0.0487 0.0221 0.0024 0.0011 0.0221 2.92E-10 5.84E-06 
0.2348 0.0551 0.0225 0.0030 0.0012 0.0225 2.16E-11 4.026-06 
0.2557 0.0654 0.0232 0.0043 0.0015 0.0232 2.15E-09 1.81E-06 
0.2734 0.0747 0.0241 0.0056 0.0018 0.0238 1.19E-07 5.55E-07 
0.2891 0.0836 0.0246 0.0070 0.0021 0.0243 7.72E-08 3.16E-08 
0.3061 0.0937 0.0242 0.0088 0.0023 0.0250 5.96E-07 2.23E-07 
0.3355 0.1126 0.0269 0.0127 0.0030 0.0262 5.14E-07 2.83E-06 
0.3661 0.1340 0.0272 0.0180 0.0036 0.0276 1.31E-07 9.38E-06 
0.3953 0.1563 0.0279 0.0244 0.0044 0.0290 1.19E-06 2.02E-05 
0.4264 0.1818 0.0315 0.0331 0.0057 0.0306 7.56E-07 3.76E-05 
3.4 1E-06 1.11E-04 
0.2102 0.0442 o.0219 0.0020 o.ooio 0.0218 I. I ~ E - O ~  7.33~-06 
==================================================================== 
Straight Line F i t  Statistics 
CD = .018955 + .064217C~~ 
Mean = 2.450000000000E-02 
SEE = 5.566447232030E-04 
(SEE = Standard Error of Estimate) 
c-12 
LIFT AND DRAG FROM SPEED POWER DATA 
MODEL M2WK 
FLT NO: 44 
N1173W 1111% STRIPS 8-11-83 
PRESSURE OAT WING WING 
ALT I TUDE AREA SPAN 












































.e683 . 8688 . 8691 
. 8697 8694 
rn 8675 
865 
.8625 . 859 
-8575 . 8547 
-8425 
8396 
2774 . B 
2768. B 
2755 . 8 
2744 . 8 
2736. W 








. 189 . 2826 
-2147 
-224 . 2396 . 2545 
-2674 




. a213 . 8217 . 8223 . 8223 . 8229 . 8235 
.a236 . G1244 . 8247 


















-1069 . 1178 . 1291 . 1424 
.1664 . 1775 . 1998 
.2323 
.2626 
. 8 ~ 7  
C-13 
BARE AIRPLANE, N1173W, TRANSITION FIXED A T  O.lOC, FLT 44 
8- 11-83 
CL2 CD CL4 c L 2 c D  cDCALC Sr  i S t i  C L  .................................................................... .................................................................... 
0.0000 0.0000 0.0196 0.0196 
0.1890 0.0357 0.0213 0.0013 0.0008 0.0216 8.97E-08 7.54E-06 
0.2026 0.0410 0.0217 0.0017 0.0009 0.0219 3.77E-08 6.01E-06 
0.2147 0.0461 0.0223 0.0021 0.0010 0.0222 1.60E-08 4.72E-06 
0.2240 0.0502 0.0223 0.0025 0.0011 0.0224 9.88E-09 3.79E-06 
0.2396 0.0574 0.0229 0.0033 0.0013 0.0228 1.01E-08 2.39E-06 
0.2545 0.0648 0.0235 0.0042 0.0015 0.0232 8.59E-08 1.30E-06 
0.2674 0.0715 0.0236 0.0051 0.0017 0.0236 4.22E-10 5.88E-07 
0.2851 0.0813 0.0244 0.0066 0.0020 0.0241 7.81E-08 5.09E-08 
0.3104 0.0963 0.0247 0.0093 0.0024 0.0250 6.46E-08 3.70E-07 
0.3236 0.1047 0.0252 0.0110 0.0026 0.0254 4.72E-08 1.15E-06 
0.3558 0.1266 0.0270 0.0160 0.0034 0.0266 1.39E-07 5.21E-06 
0.3942 0.1554 0.0286 0.0241 0.0044 0.0282 1.43E-07 1.50E-05 
0.4225 0.1785 0.0290 0.0319 0.0052 0.0295 2.50E-07 2.66E-05 
9.72E-07 7.47E-05 
.................................................................... .................................................................... 
Straight Line F i t  Statistics 
CD = .019623 + .055333C~~ 
Mean = 2.434615384615E-02 
SEE = 2.972282685644E-04 
(SEE = Standard Error of Estimate) 
C-14 
c 
L I F T  AND DRGG FROM SPEED F'OWER DATA 
MODEL M28E 
F L T  NO: 45 
N1173W 1 W %  STRIPS 8-11-83 
PRESSURE OAT WING WING 
ALT I TUDE AREA SPAN 
9000 53 174.786 36.1 
CAS VE BHP PROF 
(KTS) (KTS) EFF WEIGHT CL CD CL2 1/CD CDI/CD 
156.1 155.6 21218.8 -8665 2751.B .1919 -0215 -0368 46.4 -073 
149.4 149.lil 176.3 -867 2738.8 -212184 .a216 .a434 46.2 -0857 
130.5 131i1.2 129.6 -8642 2713.8 -271214 ,0238 .a731 42.1 .1314 
111.3 111.1 94.1 -8437 27CJ1.8 .3697 .B271 -1367 36.9 -2153 
137.9 137-6 145.5 -8678 273a.0 .2438 ,0227 -0594 44.0 -1117 
118-2 118.8 llir4.9 -8567 2706.0 -3285 -01256 .la79 39.8 -1798 
105.5 1W5.3 98.0 -841 2697.B -4187 m e 3 0 3  ,16877 33.8 -2375 
C-15 
BARE AIRPLANE, N1173W, TRANSITION FIXED A T  O.lOC, FLT 45 
8-11-83 
Straight Line Fit Statistics 
CD = .oiaagg + .064379C~~ 
Mean = 2.465714285714E-02 
SEE = 4.030916272723E-04 
(SEE = Standard Error of Estimate) 
LIFT’ AND DRAG FROM SPEED POWER DCSTA 
MODEL MZrirK 
. FLT NO: 46 





























PRESSURE OAT WING WING 
ACT1 TUDE AREA SPAN 

















. 8691 . 8697 . 87 . 87W4 . 87W8 . 8781 . 8677 . 8644 . 862 . 8684 
.8982 
.8468 . 8532 
WEIGHT 
2767. B 
2757 . 8 
2749 . W 
2737. B 
2737 . 0 
2729. 




2704 . E1 
27m . 
2693 . 0 
CL 
. 1834 
.1954 . 2818 . 2188 
-2219 . 239 







. 0285 . B2W6 . 82@6 . 0288 
9 021 






.a382 . 0407 . 8444 . 8492 . 857 1 . rir645 
9 B734 
















.87 . 079 . B844 
.a91 
9 1002 . 1188 
9 1211 . 1378 . 1528 




BARE AIRPLANE, N1173W, FREE TRANSITION, FLT 46 
8-12-83 
CL CL2 CD CL4 cL2co CDCALC S r  i Stl .................................................................... .................................................................... 
0.0000 0,0000 0.0180 0.0180 
0.1834 0.0336 0.0205 0.0011 0.0007 0.0203 5.52E-08 6.98E-06 
0.1954 0.0382 0.0206 0.0015 0.0008 0.0206 1.05E-09 5.48E-06 
0.2018 0.0407 0.0206 0.0017 0.0008 0.0207 1.87E-08 4.71E-06 
0.2108 0.0444 0.0208 0.0020 0.0009 0.0210 3.395-08 3.70E-06 
0.2219 0.0492 0.0210 0.0024 0,0010 0.0213 9.23E-08 2.57E-06 
0.2390 0.0571 0.0220 0.0033 0.0013 0.0218 2.94E-08 1.16E-06 
0.2540 0.0645 0.0227 0.0042 0.0015 0.0223 1.44E-07 3.45E-07 
0.2708 0.0733 0.0227 0.0054 0.0017 0.0229 4.31E-08 7.25E-15 
0.2888 0.0834 0.0233 0.0070 0.0019 0.0236 7.74E-08 4.49E-07 
0.3068 0.0941 0.0245 0.0089 0.0023 0.0243 4.33E-08 1.92E-06 
0.3259 0.1062 0.0250 0.0113 0.0027 0.0251 9.26E-09 4.79E-06 
0.3559 0.1267 0.0272 0.0160 0.0034 0.0265 5.51E-07 1.26E-05 
0.3765 0.1418 0.0269 0.0201 0.0038 0.0275 3.16E-07 2.07E-05 
1.41E-06 6.55E-05 
.................................................................... .................................................................... 
Straight Line F i t  Statistics 
CD = .018026 + .066568C~~ 
Mean = 2.290769230769E-02 
SEE = 3.585791859714E-04 
(SEE = Standard Error of Estimate) 
LIFT AND DRAG FROM SPEED POWER DATA 
MODEL M283t:: 
FLT NO: 52 
N117SW 25% TRIPPER STRIPS 8-22-83 
FRESSURE OAT WING WING 
ALTITUDE AREA SPAN 
9W@@ 55 174.786 36.1 
CAS VE EHP PROP 
(KTS) (KTS) EFF WEIGHT CL CD CL2 1/CD 
157.4 156.9 2ri14.1 ,8671 
152.1 151.6 185.1 -8677 
. 148.1 147.7 172.7 -8679 
143.4 143.ri1 156.3 .8686 
139.2 138.8 149.1 -8686 
134.8 133.7 139.3 -868 
128.9 128.6 123.4 ,8637 
126.4 126.1 119.3 .8624 
120.8 120.6 lGJ9.IZI ,8592 
116.9 116.7 1B;S.S .857 
112.5 112.3 98.7 -8458 



















.a25 . W26 . 8275 . W274 
.8’362 
.a411 . W452 




















,8814 . 8888 









BARE AIRPLANE, N1173W, TRANSITION FIXED AT O.lOC, FLT 52 
8-22-83 
Sr i Sti CL CL2 C D  c L 4  c L 2 c D  cDCALC 
0.0000 0.0000 0.0192 0.0192 
.................................................................... .................................................................... 
0.1902 0.0362 0.0214 0.0013 0.0008 0.0213 1.06E-08 6.39E-06 
0.2026 0.0410 0.0215 0.0017 0.0009 0.0216 7.21E-09 5.02E-06 
0.2126 0.0452 0.0217 0.0020 0.0010 0.0218 1.70E-08 3.98E-06 
0.2253 0.0508 0.0217 0.0026 0.0011 0.0222 2.llE-07 2.78E-06 
0.2387 0.0570 0.0226 0.0032 0.0013 0.0225 5.41E-09 1.69E-06 
0.2569 0.0660 0.0237 0.0044 0.0016 0.0231 4.10E-07 5.86E-07 
0.2769 0.0767 0.0234 0.0059 0.0018 0.0237 8.44E-08 1.81E-08 
0.2875 0.0827 0.0240 0.0068 0.0020 0.0240 1.94E-09 4.80E-08 
0.3142 0.0987 0.0250 0.0097 0.0025 0.0250 4.16E-11 1.37E-06 
0.3352 0.1124 0.0260 0.0126 0.0029 0.0258 4.02E-08 3.90E-06 
0.3613 0.1305 0.0275 0.0170 0.0036 0.0269 3.92E-07 9.30E-06 
0.3877 0.1503 0.0274 0.0226 0.0041 0.0280 4.13E-07 1.78E-05 
1.59E-06 5.28E-05 
.................................................................... .................................................................... 
Straight Line F i t  Statistics 
CD = .019159 + .059101C~~ 
Mean = 2.382500000000E-02 
SEE = 3.990580235968E-04 
(SEE = Standard Error of Estimate) 
LIFT AND DRAG FROM SPEED POWER DATA 
MODEL M 2 M  
FLT NO: 53 
N1173W 25% STRIPS 8-25-83 
PRESSURE OAT WING WING 
ALTITUDE AREA SPAN 
8 W W E I  55 174.786 36.1 
CAS VE BHF' 
(KTS) (KTS) 
159.4 158.9 2Cf1.5 
152.9 152.5 183.5 
146.8 146.4 168.6 
143.4 143.1 159.4 
138.8 138.5 145.8 
134.9 133.7 136.7 




EFF WEIGHT CL CD 
. 8673 . 8679 . 8683 
.8685 
.8684 





~ 7 . ~ 6 .  W 
2788. lil 
27GI5. B 
2697 . B 
2688. B 
2681.8 
c ) c )  
.1851 . 1991 
.2151 . 225 







.8226 . 8236 . 624 
.8269 . rir246 
I -  
CL2 
. 8343 . 8397 
.a463 . U 5 8 6  . a569 . G&53 
.a722 
.8938 


















BARE AIRPLANE, N1173W, TRANSITION FIXED A T  O.lOC, FLT 53 
8-23-83 
Straight Line Fit Statistics 
CD = .018916 + .067546C~~ 
Mean = 2.316666666667E-02 
SEE = 9.014982362543E-04 
(SEE = Standard Error of Estimate) 
agflg! 51 174.786 36.1 
CAS VE EtHP FF;tIF' 






131. $3 1SQj. 7 
139.2 138.9 
C-23 
BARE AIRPLANE, N1173W, TRANSITION FIXED A T  O.lOC, FLT 58 
9-23-83 
CL CL2 CD CL cL2co cDCALC Sr  i S t i  
.................................................................... _---__---___-----__------------------------------------------------- 
0.0000 0.0000 0.0199 0.0199 
0.2019 0.0408 0.0221 0.0017 0,0009 0.0222 4.79E-09 3.00E-06 
0.2158 0.0466 0.0226 0.0022 0.0011 0.0225 1.08E-08 1.97E-06 
0.2252 0.0507 0.0225 0.0026 0.0011 0.0227 5.28E-08 1.37E-06 
0.2390 0.0571 0.0235 0.0033 0.0013 0.0231 1.68E-07 6.55E-07 
0.2542 0.0646 0.0236 ,0.0042 0.0015 0.0235 7.58E-09 1.50E-07 
0.2687 0.0722 0.0239 0.0052 0.0017 0.0239 1.60E-09 1.60E-09 
0.3090 0.0955 0.0246 0.0091 0.0023 0.0253 4.24E-07 1.83E-06 
0.3335 0.1112 0.0263 0.0124 0.0029 0.0261 2.62E-08 5.01E-06 
0.1895 0.0359 0.0218 0.0013 o.oooa 0.0219 9.m-09 4.02~-06 
0.2886 0.0833 0.0248 0.0069 0.0021 0.0246 S . S ~ E - O ~  4.42~-07 
0.3584 0.1285 0.0272 0.0165 0.0035 0.0271 a.35~-09 I.O~E-OS 
7.69~-07 ~ . N E - o ~  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Straight Line F i t  Statistics 
cD = ,019873 + , 0 5 6 3 3 0 ~ ~ 2  
Mean = 2.390000000000E-02 
(SEE = Standard Error of Estimate) 
SEE = 2.922298779147~-04 
C-24 
-~ 
L I F T  AND DRAG FROM SPEED F'ObJER DATA 
MODEL M2BE 
FLT NO: 71 
CLEAN--PRESSURE BELT-W I NG RAKE 
4 
8888 39 174.786 56.1 
CAS VE BHP map 
(ETSI (KTS)  EFF WEIGHT C L  CD CL2 1/CD CDI/CD 
159.5 158.8 2a2.1 .87U4 2884 .1877 .lrr212 .a1352 47.1 . @7@9 
152.6 132.2 186 -8788 2797.6 .284 .8222 . fW16 45 . @a 
141.3 141 146.8 .872 2778.4 .2362 .Qf221 .a558 45.2 . 1877 
135.7 155.4 122.7 .8&71 2775.8 .2556 . Q12!?17 .8653 48.2 .1345 
125.5 125.3 1B2.5 -8613 27713.3 .2W3 .!E17 .a89 46 .1748 
118.6 118.4 92 .8582 2768 .Xi37 .CQ3 .1113 43.4 .2@64 
112.5 112.3 86.5 -8549 2765.1 .37@3 .8253 .1371 39.6 .2318 
C-25 
LIFT AND DRAG FROM SPEED POWER DATA 
MODEL l"l2ilW: 
FLT NO: 72 
CLEAN/PRESSURE EELT/RAC<E 
PRESSURE OAT WING W I NG 
ALT I TUDE &REA SPAN 
98mB 4 B 174.786 36.1 
CAS VE BHP PROP 












































































.876 . 8876 . 
.GI972 





MODEL r i m e : :  
FLT NO: 74 
CLEAN / PRESSURE BELT/ RAKE 
PRESSURE OAT W I NG WING 
ALTITUDE AHEA SPAN 
88QM 4 B 174.786 36.1 
CAS VE BHP PROP 




























116.9 116.7 99.7 .8474999 
2798 
113 112.8 97.2 .8368 2794 
188.5 188.3 89.5 .€I345 2792 
. 18313 










.8338 47.4 . .8684 
.83?3 47 . 8748 
.!i!426 45.6 .a828 . 4472 ,- 45. & . a919 
.!E520 45.1 . 1@16 . &338 43. 5 .1127 
.8679 42.3 .1226 
.8!77? 42.9 .1427 
9.479999E-Cf2 
41.3 ,1671 
.12m 38.9 .ma1 
,1376 56.5 .2145 
.1616 35.2 . 2429 
C-27 
L I F T  AND DRAG FROM SFEED FObJER DATA 
MODEL M2W: 
F L T  NO: 73 
CLEAN/WING HAC::E/EELT CUT AT T. E. /FAIR ING REMOVED 
PRESSURE OAT WING W I NG 
ALTITUDE AREA SPAN 
8@88 25 174.786 36.1 
CAS VE BHP PROP 
(KTS) (ETS) EFF WE I GHT 
16a.1 159.6 219 .8521 286a 
154.3 153.9 196.4 .€I528 2852 
149.4 149 181.5 .8531 2748 
145.1 144.7 169.6 .8534 
131.8 131.5 133.7 .€I481 
126.2 126 119.5 .a445 
119.9 119.7 1B7.4 .€I412 
. 113 112.8 .97.7 .€I289 
118.1 lW.9  93.6 .8275 
136.6 i36.s  148.6 .8517 
CL CD CL2 1/CD 
r a k e  
C-28 
CDI  /CD 
. &&82 
.!3784 
. l3958 . i16 . 1337 . 1566 . . le32 
,2156 
.2311 
b e l t  
LIFT AhID DRAG FROM SPEED F'UWER D A T A  
MODEL rmw 
FLT NU: 76 
CLEAN CONF I GUF:HT I ON 
PRESSURE 
4 L T  I TUDE 
OAT 
46 
WING w I NG 
ARE6 sPAr4 
174.786 55.1 
CAS V E  BHF PROP 
(ETS)  (KTS)  EFF WEIGHT C L  CD C L 2  1/CD CDI/CD 
158.3 157.9 
152.3 151.7 
7.24888 1 E-82 
147.6 147.2 
142.5 142.2 

















.8628 2856 .1936 
.2@19"J 
.2221 . 2376 
.2438 
.26,78 . 2889 . 326 
.3417 
.3734 . 42B6 
.a221 ,0375 











42.1 . lB14 








LIFT AND DRAG FROM SPEED POWER D A T A  
MODEL P l Z 2 I K  
F L T  NO: 77 
CLEfiN - W I N G  RfiKE 
PRESSURE OAT WING WING 
ALT I TUDE AREA SPAN 
Elam 43 174.786 36.1 
CAS VE EHP PROP 
(KTS)  (KTS) EFF WEIGHT CL CD CL2 1/CD 
159.7 159.2 215.4 .8612 2849 .18?8 .8221 .!a36 45.2 
154.8 154.4 331.5 .8615 2845 .2817 .r322? .8487 44 
151.2 15a.8 187.1 .E1619 2841 .2111 .8227 .M445 44.1 












































~ ~~ ~~ 
L I F T  f4ND DRAG FROM SFEED FC3WER DATA 
MODEL M 2 0 K  
F L T  NO: 79 
CLEAN BASELINE V E R I F I C A T I O N  
PRESSURE OAT WING WING 
ALT I TUDE AREA SPAN 
9000 34 174.786 36.1 
CAS VE BHP PROP 









122 121 . 7 
115.1 114.9 
107.6 107.4 















.8585 . 8576 
.8545 
.8521 














.a144 . 2213 






q-T . L.L.2 
,0221 .a375 
. 046 . (249 
.0543 . (163 . 0705 . (j833 
, 0949 . 1 (113 















FLT KO: 00 
CLEAN BASELINE VERIFICkTIOH 
PRESSURE O A T  YIH6 YIHG 
ALTITUOE AREA SPA1 
7500 41 174.786 36.1 
CAS VE BHP PROP 
(KTS) (KTS) EFF YEIGHT CL CD 
158.2 157.8 210.3 ,8632999 
CL2 l/CD CDI/CD 
2848 ,1933 ,022. ,037. kk.6 ,0712 
152.9 152.5 192.3 ,8638 28C6 ,2067 ,0227 ,0427 C C . l  .OW 
116.8 116.5 168.6 .86C6 28C2 ,2239 ,0225 ,0501 44.5 ,0951 
113.5 1k3.2 161.7 ,0646 2835 ,2336 ,0231 ,0546 153.3 ,1008 
137.9 137.6 146.1 ,8637 2831 ,2526 ,0233 ,0638 C2 . 1 i k 5  
130.5 130.3 132.1 ,8592 2326 ,281C ,0249 ,0792 k0.2 ,1353 
125.1 12k.9 llk.6 .85k9 2823 ,3059 .02C4 ,0936 k1 ,1638 
119.5 119.3 106.9 ,8523 2819 ,336 ,026 ,112 38.5 ,1038 




L I F T  AND DRAG FROM SFEED FOWER DATA 
MODEL M2t:)K 
FLT NO: 82 
BASE L I N E  VERIFICkTION 
PRESSURE OAT WING W I N G  
ALT I TUDE MEA SPAN 
8000 29 174.786 36.1 
CAS VE BHP PROP 
(KTS) (KTS) EFF WEIGHT CL CD C L 2  l / C D  CI?I/CD 
163.4 162.9 219.3 .8544 2852 
157.2 156.8 187.1 .8553 2841 
153.5 153.1 178.4 ,8556 2818 
148.5 148.1 167.6 .8559 2812 
14.3 142.7 143.9 .8558 2805 
2800 
134.5 134.2 123.4 .8487 2796 
124.1 123.9 105.4 .844 2771 
8. 47Q00 1 E-(:)2 
138.7 138.4 136.2 .a517999 
113.2 113 . 98.2 -8312 2765 
.2165 
.3658 .0276 
.(I469 46.3 .<I928 
.(E42 48.3 ,1119 
. M l  46.7 . 1217 
.06853 47.2 .1386 
9,309999E-02 
43.7 .1737 
.1338 36.2 .2066 
c-33 
PRESSURE OAT W I N G  WING 
ALTITUDE AREA SPAN 
CAS VE BHP PROP 
(ETSI (KTS) EFF WEIGHT CL CD C L 2  1/CD CDI/CD 
164.3 163.8 215.4 .8569 2854 .1797 .@2@4 .a323 49 . 13675 
166.7 l6Qf. 2 2W.5 .8573 285G1 . 1875 .82!23 . f3.3dA -c3 49.2 . @759 
156.3 155.9 186.6 .8578 2846 . 1979 .132@6 .83?2 48.6 .M813 
151.7 151.3 174.3 .a582 2842 .2@97 .821 .i344 47.6 .13894 
146.8 146.4 lhl2.4 .a587 2838 .3,236 .a213 . j z E  46.9 . l C l l r 3 1  
142.4 142.1 147.5 .8575 2855 .2373 .a215 .M563 46.6 .1121 
138.7 138.4 155.2 .8544 2832 .2498 ,8212 .8624 47.2 .I257 
133.7 133.4 128 .8524 2829 .2685 .a223 ,9721 44.8 .1378 
129.5 129.2 119.8 .8503 2827 .286 .fa23 .B€31F3 43.b .1521 
:- ::As?+ 
.MW - - .42? ::x.J.-* .A i:4 ,' / I . ,  
" 4 x 2  . **.+. 7 .5@7* 
. -..T , T T 1  I," - 
L I F T  AND DRAG FROM SPEED POWER -D&TA ~ 
~ 
MODEL M2OK 
F L T  NO: 89 
CLEAN WITH FEATHERFILL 
PRESSURE OAT 
ALT I TUDE 
WING WING 
4REA SPAN 
8000 61 174.786 36.1 
CAS 
KTS 1 
VE BHP PROP 




.<I95 . 1082 
































9 . 089999E-02 
42.4 
. 2017 . 2079 
I2205 . 234 
-2514 . 2635 
. 3015 .2a2 
.a212 . 0213 
.a219 

























2790 . 3318 
-8579 2786 . 348 
.8551 2783 .3734 
-8437 ' 2779 . 3964 






119.2 103.8 . 025 
I O 2 5 2  . 0262 
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MODEL M2C)I.:; 
F L T  NO: 91 
CLEAN - FEATHERFILL 
PRESSURE OAT W I NG WING 
ALTITUDE AREA SPAN 
8500 47 174.786 36.1 
CAS VE RHP PROF 
































































.205 . 2175 
2345 













.Ob68 . (:)ai 9 . 1081 













CD I /CD 
. 0696 
.(j7‘58 . 0809 
.(I868 
.0925 . 1031 
.1125/ 
.i2a 
.153$ . 1875 . 22i19’ 
.26’ 
. 
FEATHERFILLED WINGS, FREE TRANSITION, FLT 91 
5-29-84 
CL CL2 CD CL4 c L 2 c D  cDCALC Sr i sti .................................................................... .................................................................... 
0.0000 0.0000 0.0192 0.0192 
0.1838 0.0338 0.0207 0.0011 0.0007 0.0208 1.49E-08 4.24E-05 
0.1893 0.0358 0.0207 0.0013 0.0007 0.0209 4.98E-08 4.11E-05 
0.1978 0.0391 0.0206 0.0015 0.0008 0.0211 2.35E-07 3.90E-05 
0.2050 0.0420 0.0207 0.0018 0.0009 0.0212 2.79E-07 3.73E-05 
0.2175 0.0473 0.0218 0.0022 0.0010 0.0215 9.74E-08 3.42E-05 
0.2345 0.0550 0.0228 0.0030 0.0013 0.0219 8.72E-07 2.99E-05 
0.2470 0.0610 0.0231 0.0037 0.0014 0.0222 8.79E-07 2.67E-05 
0.2584 0.0668 0.0223 0.0045 0.0015 0.0224 2.13E-08 2.39E-05 
0.2862 0.0819 0.0228 0.0067 0.0019 0.0232 1.53E-07 1.72E-05 
0.3289 0.1082 0.0246 0.0117 0.0027 0.0245 1.33E-08 8.12E-06 
0.3620 0.1310 0.0249 0.0172 0.0033 0.0256 5.05E-07 2.97E-06 
0.4113 0.1692 0.0278 0.0286 0.0047 0.0275 9.79E-08 2.37E-08 
3.22E-06 3.03E-04 
.................................................................... .................................................................... 
Straight Line Fit Statistics 
CD = ,019159 + .049237C~~ 
Mean = 2.273333333333E-02 
SEE = 5.672263420439E-04 
(SEE = Standard Error of Estimate) 
c-37 
MODEL MZQK 
F L T  NO: 92 
CLEAN - FEATHERFILL 
PRESSURE OAT WING WING 


















48 174.786 36.1 
CAS VE 
{ KTS 1 { KTS 1 
PROP 
































. 1985 . 2085 









. 082 . i)866 






















.2833 . 3031 


























FEATHERFILLED WINGS, FREE TRANSITION, FLT 92 
5-30-84 
CL CL2 CD CL c L 2 c o  cDCALC Sr i S t i  .................................................................... .................................................................... 
0.0000 0.0000 0.0185 0.0185 
0.1822 0.0332 0.0206 0.0011 0.0007 0.0204 2.90E-08 8.78E-06 
0.1911 0.0365 0.0205 0.0013 0.0007 0.0206 1.56E-08 7.66E-06 
0.1985 0.0394 0.0205 0.0016 0.0008 0.0208 8.64E-08 6.76E-06 
0.2085 0.0435 0.0214 0.0019 0.0009 0.0210 1.35E-07 5.57E-06 
0.2210 0.0488 0.0215 0.0024 0.0011 0.0213 2.32E-08 4.18E-06 
0.2328 0.0542 0.0214 0:0029 0.0012 0.0217 6.86E-08 3.00E-06 
0.2494 0.0622 0.0221 0.0039 0.0014 0.0221 9.99E-10 1.59E-06 
0.2696 0.0727 0.0226 0.0053 0.0016 0.0227 2.15E-08 4.18E-07 
0.2833 0.0803 0.0230 0.0064 0.0018 0.0232 3.66E-08 4.09E-08 
0.3031 0.0919 0.0239 0.0084 0.0022 0.0239 7.59E-10 2.30E-07 
0.3223 0.1039 0.0250 0.0108 0.0026 0.0246 1.79E-07 1.40E-06 
0.3353 0.1124 0.0251 0.0126 0.0028 0.0251 4.58E-10 2.84E-06 
0.3620 0.1310 0.0262 0.0172 0.0034 0.0262 8.41E-10 7.72E-06 
0.4023 0.1618 0.0279 0.0262 0.0045 0.0280 6.13E-09 2.10E-05 
0.4285 0.1836 0.0292 0.0337 0.0054 0.0293 3.07E-09 3.44E-05 
6.07E-07 1.06E-04 
.................................................................... -------------------------------------------------------------------- 
Straight Line F i t  Statistics 
CD = .018482 + .058675C~~ 
Mean = 2.339333333333E-02 
SEE = 2.160611508529E-04 
(SEE = Standard Error o f  Estimate) 
c-39 











MODEL M 2 0 K  
F L T  NO: 93 











PRESSURE OAT WING WING 
ALT I TUDE AREA SPfiN 








1 1 1  




















. & C &  
.ma4 
.3458 
CL2 . 1/CD 
.a344 48 
.a582 48.6 




C D I  /CD 
.0705 
.0793 . 0845 




C L  
FEATHERFILLED WINGS, FREE TRANSITION, FLT 93 
6-15-84 
CD Sr i S t i  
0.0000 0.0000 0.0184 0.0184 
0.1854 0.0344 0.0208 0.0012 0.0007 0.0204 1.86E-07 7.36E-06 
0.1955 0.0382 0.0206 0.0015 0.0008 0.0206 6.88E-11 6.20E-06 
0.2040 0.0416 0.0210 0.0017 0.0009 0.0208 4.47E-08 5.26E-06 
0.2193 0.0481 0.0215 0.0023 0.0010 0.0212 1.13E-07 3.68E-06 
0.2320 0.0538 0.0217 0.0029 0.0012 0.0215 4.15E-08 2.51E-06 
0.2411 0.0581 0.0211 0.0034 0.0012 0.0217 4.17E-07 1.78E-06 
0.2704 0.0731 0.0223 0.0053 0.0016 0.0226 9.90E-08 2.18E-07 
0.3084 0.0951 0.0239 0.0090 0.0023 0.0239 1.05E-10 6.53E-07 
0.3458 0.1196 0.0256 0.0143 0.0031 0.0253 8.52E-08 4.96E-06 
0.3658 0.1338 0.0249 0.0179 0.0033 0.0261 1.52E-06 9.31E-06 
0.4438 0.1970 0.0305 0.0388 0.0060 0.0298 4.98E-07 4.51E-05 
3.01E-06 8.70E-05 
.................................................................... -------------------------------------------------------------------- 
Straight Line F i t  Statistics 
CD = .018376 + .057972C~~ 
Mean = 2.308181818182E-02 
SEE = 5.779071572223E-04 
(SEE = Standard Error of Estimate) 
C-41 
L I F T  AND DRAG FRCIM SPEED POWER DATA 
MODEL M 2 0 K  
&J 
FLT NO: 105 
FEATHERFILL - 5% TRIPPER S T R I P S  
PRESSURE OAT WING WING 
ALT I TUDE GRER SPGN 
8000 56 174.786 36.1 
CAS VE EHP 
(KTS ) KTS ) 























1 (3 4 . 5 
112.6 












1 (3 1 . 8 
188.2 
PROP 







































.a224 . 0226 




.0265 . 0274 . 0307 






.Oh28 41.9 . 08rj 1 39. 8 
9.O39999E-02 
38.9 . l(324 37.7 . 1203 56.5 
.1599 32.6 . 1808 30. 9 
.1364 34.4 
C-42 
FEATHERFILLED WINGS, TRANSITION FIXED A T  O.O5C, FLT 105 
7-3-84 
CL CL2 CD CL4 c L 2 c D  cDCALC Sr i S t i  .................................................................... .................................................................... 
0.0000 0.0000 0.0195 0.0195 
0.1987 0.0395 0.0229 0.0016 0,0009 0.0222 4.59E-07 1.29E-05 
0.2092 0.0438 0.0224 0.0019 0.0010 0.0225 1.41E-08 1.08E-05 
0.2174 0.0473 0.0226 0.0022 0.0011 0.0228 2.59E-08 9.28E-06 
0.2340 0.0548 0.0237 0.0030 0.0013 0.0233 1.77E-07 6.39E-06 
0.2497 0.0624 0.0236 0.0039 0.0015 0.0238 4.21E-08 4.01E-06 
0.2622 0.0687 0.0238 0.0047 0.0016 0.0242 2.01E-07 2.43E-06 
0.2831 0.0801 0.0251 0.0064 0.0020 0.0250 3.99E-09 5.94E-07 
0.3006 0.0904 0.0257 0.0082 0.0023 0.0257 1.91E-09 4.09E-09 
0.3200 0.1024 0.0265 0.0105 0.0027 0.0266 5.93E-09 5.92E-07 
0.3469 0.1203 0.0274 0.0145 0.0033 0.0278 1.75E-07 4.04E-06 
0.3693 0.1364 0.0287 0.0186 0.0039 0.0289 5.24E-08 9.74E-06 
0.3998 0.1598 0.0307 0.0255 0.0049 0.0306 2.18E-08 2.25E-05 
0.4252 . 0.1808 0.0324 0.0327 0.0059 0.0320 1.58E-07 3.84E-05 
1.34E-06 1.22E-04 
-------------------------------------------------------------------- -------------------------------------------------------------------- 
Straight Line F i t  Statistics 
CD = .019490 + . 0 6 9 2 0 9 C ~ ~  
Mean = 2.580769230769E-02 
(SEE = Standard Error of Estimate) 
SEE = 3.487360128711E-04 
c-43 
L I F T  AND DRAG FROM SPEED FOWER DATA 
PRESSURE OAT WING w I rdG 
ALTITUDE AREA SFAN 
CAS V E  BHP PROP 



























. 0588 43. I . 1082 
.0691 41.3 
.!:)787 40. 1 . 1349 
,0915 39.8 .1554 . 1046 37.6 . 1679 
I 
c-44 
FEATHERFILLED WINGS, TRANSITION FIXED AT O.O5C, FLT 108 
7-6-84 
CL CL2 CD CL4 c L 2 c D  cDCALC Sr  i S t i  .................................................................... .................................................................... 
0.0000 0.0000 0.0193 0.0193 
0.1919 0.0368 0.0220 0.0014 0.0008 0.0219 1.24E-08 1.15E-05 
0.2012 0.0405 0.0226 0.0016 0.0009 0.0221 2.05E-07 9.78E-06 
0.2205 0.0486 0.0230 0.0024 0.0011 0.0227 7.61E-08 6.51E-06 
0.2292 0.0525 0.0230 0.0028 0.0012 0.0230 1.99E-12 5.17E-06 
0.2426 0.0589 0.0232 0.0035 0.0014 0.0234 6.22E-08 3.33E-06 
0.2629 0.0691 0.0242 0.0048 0.0017 0.0242 5.51E-10 1.21E-06 
0.2806 0.0787 0.0249 0.0062 0.0020 0.0249 1.75E-09 1.74E-07 
0.3025 0.0915 0.0251 0.0084 0.0023 0.0258 4.40E-07 2.38E-07 
0.3234 0.1046 0.0266 0.0109 0.0028 0.0267 8.09E-09 2.00E-06 
0.3530 0.1246 0.0280 0.0155 0.0035 0.0281 1.18E-08 8.03E-06 
0.3673 0.1349 0.0283 0.0182 0.0038 0.0288 2.90E-07 1.27E-05 
0.4179 0.1746 0.0324 0.0305 0.0057 0.0317 5.57E-07 4.07E-05 
1.66E-06 1 .O 1E-04 
.................................................................... .................................................................... 
Straight Line Fit Statistics 
CD = .019279 + .070859C~~ 
Mean = 2.527500000000E-02 
(SEE = Standard Error o f  Estimate) 
SEE = 4.079336319796E-04 
c-45 
L I F T  AND DRAG FEOM SPEED POWER DATA 














V E  
(KTS 
BHP FROP 
EFF WE I GHT CL CD CL2 1 /CD C D I  /CD 















































. i m a  . I 3 1  
.1621 





FEATHERFILLED WINGS, TRANSITION FIXED AT O.O5C, FLT 109 
7-9-84 
C L  CL2 CD CL4 c L 2 c D  cDCALC Sr  i S t i  .................................................................... .................................................................... 
0.0000 0.0000 0.0198 0.0198 
0.1917 0.0367 0.0220 0.0014 0.0008 0.0221 1.52E-08 8.47E-06 
0.2082 0.0433 0.0228 0.0019 0.0010 0.0225 6.52E-08 6.19E-06 
0.2171 0.0471 0.0223 0.0022 0.0011 0.0228 2.37E-07 5.05E-06 
0.2370 0.0562 0.0237 0.0032 0.0013 0.0234 1.13E-07 2.79E-06 
0.2491 0.0621 0.0239 0.0039 0.0015 0.0237 2.59E-08 1.67E-06 
0.2617 0.0685 0.0241 0.0047 0.0017 0.0242 2.53E-09 7.80E-07 
0.2715 0.0737 0.0243 0.0054 0.0018 0.0245 3.39E-08 3.02E-07 
0.2935 0.0861 0.0254 0.0074 0.0022 0.0253 1.49E-08 5.98E-08 
0.3161 0.0999 0.0262 0.0100 0.0026 0.0262 1.78E-09 1.26E-06 
0.3476 0.1208 0.0278 0.0146 0.0034 0.0275 9.42E-08 6.05E-06 
0.3620 0.1310 0.0277 0.0172 0.0036 0.0281 1.99E-07 9.69E-06 
0.4026 0.1621 0.0302 0.0263 0.0049 0.0301 5.11E-09 2.60E-05 
8.07E-07 6.83E-05 
.................................................................... -------------------------------------------------------------------- 
Straight Line F i t  Statistics 
CD = .019776 + .063870C~~ 
Mean = 2.503333333333E-02 
(SEE = Standard Error o f  Estimate) 
SEE = 2.8409210653SOE-04 
e-47 
I LIFT AND DRAG FROM SPEED POWER DATA 
. 
MODEL M 2 6 K  
FLT NO: 1 1 0  
10% TRIPPER STR I FS < FEGTHERF ILL  ) 
PRESSURE OAT WING W I NG 
ALTITUDE AREG SPAN 
86QO 58 174.786 36.1 
CAS VE EHP PROP 
(KTS) (KTS) EFF WEIGHT CL CD CL2 1/CD CDI/CD 
158.1 197.7 
152.3 151.9 










' . 24(3:)C) 1 E-(:)Z 






























.2916 . 30 1 1 
-3176 . ,w.157 
.3664 . 4078 
.Tc- 
.I 0222 .OS76 
.0434 . (3468 
.0535 
45.1 







.-n/. 8 1627 
35 .2  .1879 
77 6 . 23g4 
T-7 
3 A . 3  . m a  
C-48 
FEATHERFILLED WINGS, TRANSITION FIXED A T  O.lOc, FLT 110 
7-10-84 
CL CL2 CD CL4 c L 2 c D  cDCALC Sr i S t i  .................................................................... .................................................................... 
0.0000 0.0000 0.0201 0.0201 
0.1940 0.0376 0.0222 0.0014 0.0008 0.0224 4.35E-08 8.07E-06 
0.2083 0.0434 0.0227 0.0019 0.0010 0.0228 2.95E-09 6.23E-06 
0.2164 0.0468 0.0225 0.0022 0.0011 0.0230 2.13E-07 5.24E-06 
0.2314 0.0535 0.0234 0.0029 0.0013 0.0234 1.23E-09 3.55E-06 
0.2518 0.0634 0.0242 0.0040 0.0015 0.0240 5.88E-08 1.67E-06 
0.2679 0.0718 0.0242 0.0052 0.0017 0.0245 6.78E-08 6.23E-07 
0.2916 0.0850 0.0256 0.0072 0.0022 0.0253 1.17E-07 5.67E-11 
0.3011 0.0907 0.0260 0.0082 0.0024 0.0256 1.63E-07 1.20E-07 
0.3176 0.1009 0.0265 0.0102 0.0027 0.0262 8.43E-08 9.21E-07 
0.3537 0.1251 0.0284 0.0157 0.0036 0.0277 5.38E-07 5.84E-06 
0.3664 0.1342 0.0275 0.0180 0.0037 0.0282 5.13E-07 8.80E-06 
0.4078 0.1663 0.0298 0.0277 0.0050 0.0301 1.18E-07 2.39E-05 
Straight Line Fit  Statistics 
CD = .020146 + .060114C'2 
Mean = 2.525000000000E-02 
SEE = 4.382195545228E-04 
(SEE = Standard Error of Estimate) 
c-49 
LIFT AND DRAG mor1 SPEED POWER DATA 
FLT NO: 1 1 1  
10X STRIFS (FEGTI-IERFILL) 
PRESSURE OAT WING W I N G  
GLTITUDE AREA SPAN 
8000 59 174.786 36.1 
CAS VE EHP PROP 












.':790(:)0 1 E-02 






















CL CD C L 2  1/CD 
C-50 
CDI  /CD 
.1124 
.122a 
.139 . 1 607 
. 2042, . 18i4 . 23r:j 1 
FEATHERFILLED WINGS, TRANSITION FIXED AT O.lOc, FLT 111 
7-10-84 
CL CL2 CD CL4 cL2co cDCALC Sr i S t i  .................................................................... .................................................................... 
0.0000 0.0000 0.0196 0.0196 
0.1943 0.0378 0.0221 0.0014 0.0008 0.0220 1.14E-08 7.67E-06 
0.2099 0.0441 0.0226 0.0019 0.0010 0.0224 4.37E-08 5.63E-06 
0.2172 0.0472 0.0225 0.0022 0.0011 0.0226 7.66E-09 4.74E-06 
0.2299 0.0529 0.0230 0.0028 0.0012 0.0229 2.96E-09 3.31E-06 
0.2466 0.0608 0.0231 0.0037 0.0014 0.0234 1.21E-07 1.73E-06 
0.2661 0.0708 0.0246 0.0050 0.0017 0.0241 2.73E-07 4.71E-07 
0.2836 0.0804 0.0247 0.0065 0.0020 0.0247 2.49E-10 6.31E-09 
0.3073 0.0944 0.0251 0.0089 0.0024 0.0256 2.18E-07 6.46E-07 
0.3339 0.1115 0.0262 0.0124 0.0029 0.0266 1.96E-07 3.53E-06 
0.3700 0.1369 0.0285 0.0187 0.0039 0.0282 6.51E-08 1.21E-05 
0.4023 0.1618 0.0300 0.0262 0.0049 0.0298 3.32E-08 2.55E-05 
9.72E-07 6.54E-05 
.................................................................... -------------------------------------------------------------------- 
Straight Line F i t  Statistics 
CD = .019613 + .063052C~~ 
Mean = 2.501739130435E-02 
SEE = 3.286254724339E-04 
(SEE = Standard Error o f  Estimate) 
C-51 
LIFT AND DRAG FROM SPEED FOWER DATA 
MOD E 1- M 2 (1) I.::: 
FLT NO: 113 
25% STR I P S  - FEATHERF :t 1-1- 
16O. 7 160.2 
155.4 154.9 






















F'RESSUEE O A T  W I NG WING 
ALTITUDE fiREk SPfiN 









120 . 8 
l l l x  
1 (1) 1 . 8 










C L  
I 1864 








I a214 1 
I 3 7  
.3968 
TTC 
CL2 l / C D  
.0347 48 
.(3335 47.1 






. 1. 20 1 





FEATHERFILLED WINGS, TRANSITION FIXED A T  0,25c, FLT 113 
7-1 1-84 
CL CL2 CD CL c L 2 c o  cDCALC Sr i S t i  .................................................................... .................................................................... 
0.0000 0.0000 0.0192 0.0192 
0.1864 0.0347 0.0208 0.0012 0.0007 0.0212 1.25E-07 5.98E-06 
0.1987 0.0395 0.0213 0.0016 0.0008 0.0214 1.57E-08 4.73E-06 
0.2049 0.0420 0.0214 0.0018 0.0009 0.0216 2.84E-08 4.13E-06 
0.2135 0.0456 0.0215 0.0021 0.0010 0.0218 7.52E-08 3.33E-06 
0.2258 0.0510 0.0221 0.0026 0.0011 0.0221 2.72E-10 2.30E-06 
0.2390 0.0571 0.0224 0.0033 0.0013 0.0224 1.20E-09 1.36E-06 
0.2574 0.0663 0.0236 0.0044 0.0016 0.0230 4.13E-07 4.13E-07 
0.2785 0.0776 0.0245 0.0060 0.0019 0.0236 8.02E-07 1.82E-11 
0.2935 0.0861 0.0242 0.0074 0.0021 0.0241 1.10E-08 2.45E-07 
0.3176 0.1009 0.0250 0.0102 0.0025 0.0249 3.85E-09 1.79E-06 
0.3351 0.1123 0.0249 0.0126 0.0028 0.0256 4.78E-07 3.97E-06 
0.3700 0.1369 0.0270 0.0187 0.0037 0.0270 9.50E-14 1.16E-05 
0.3968 0.1575 0.0281 0.0248 0.9044 0.0282 5.72E-09 2.09E-05 
Straight Line F i t  Statistics 
CD = ,019166 + .057222C~~ 
Mean = 2.360000000000E-02 
SEE = 4.221699479685E-04 
(SEE = Standard Error of  Estimate) 
c-53 
LIFT AND DFIkG FROM SFEED FOl4EZR DGTA 
MODEL M20P:: 
FLT rm: 114 
r)C. LJL STR IF'S (FEATHERF 1 LL 1 
PRESSURE OAT WING w I NG 
ALTITUDE AREA aF AN P ,  
174.786 56.1 cc 8000 4d 
CAS VE EHP PROP 
(KTS ) < KTS 1 EFF WEIGHT 
16C1.7 160.2 211.8 -8671 2851 
156.3 155.9 193.8 .8675399 
151.9 151.5 179.9 -868 2834 
2842 
'689999E-(32 &T3CS) 
147.2 14b.9 lA3.6 
144.1 143.8 1553.9 
139.8 139.5 149.1 
156.2 135.9 138.3 
126.5 126.3 116.2 
121.8 121.6 112.1 
7.479999E-02 
-129.6 129.3 126 
117.4 117.2 104.9 
113.2 115 97.7. 








.8446 28(:)2 - 8422 28W) 
.8688 282i) 
CL CD CL2 liCD 
.1876 -0219 -0352 47 
.1976 .a211 .(I371 47.5 
-2086 -0214 .(I435 46.8 
.2218 -0222 -0492 4.5.1 
.3449 .0266 . 119 37.6 
.5707 .a272 .I374 36.7 












FEATHERFILLED WINGS, TRANSITION FIXED A T  0.25c, FLT 114 
7-12-84 
CL CL2 CD CL4 c L 2 c D  cDCALC Sr  i S t i  .................................................................... .................................................................... 
0.0000 0.0000 0.0188 0.0188 
0.1876 0.0352 0.0213 0.0012 0.0007 0.0210 9.20E-08 8.03E-06 
0.1976 0.0390 0.0211 0.0015 0.0008 0.0212 1.97E-08 6.71E-06 
0.2086 0.0435 0.0214 0.0019 0.0009 0.0215 1.52E-08 5.32E-06 
0.2218 0.0492 0.0222 0.0024 0.0011 0.0219 1.01E-07 3.79E-06 
0.2310 0.0534 0.0221 0.0028 0.0012 0.0221 2.18E-09 2.84E-06 
0.2449 0.0600 0.0227 0.0036 0.0014 0.0226 1.81E-08 1.60E-06 
0.2557 0.0654 0.0227 0.0043 0.0015 0.0229 4.31E-08 8.52E-07 
0.2842 0.0808 0.0239 0.0065 0.0019 0.0239 3.40E-10 2.58E-09 
0.2979 0.0887 0.0237 0.0079 0.0021 0.0244 4.71E-07 3.09E-07 
0.3210 0.1030 0.0255 0.0106 0.0026 0.0253 4.36E-08 2.13E-06 
0.3449 0.1190 0.0266 0.0142 0.0032 0.0263 9.08E-08 6.09E-06 
0.3707 0.1374 0.0272 0.0189 0.0037 0.0275 7.15E-08 1.32E-05 
0.4061 0.1649 0.0294 0.0272 0.0048 0.0292 3.69E-08 2.89E-05 
1.00E-06 7.98E-05 
.................................................................... .................................................................... 
Straight Line f i t  Statistics 
CD = .018769 + .063298C~~ 
Mean = 3.022601394183E-04 
SEE = 2.383076923077E-02 
(SEE = Standard Error o f  Estimate) 
c-55 
LIFT AND DRAG FROM SPEED POWER DATA 
F L T  NO: 115 
25% STRIPS - FEATHERFILL 
PRESSURE OGT WING WING 
kLTITUDE PIREG SPAN 
8000 cc J l 174.786 36.1 
CkS VE EHP PROP 
(KTS) (KTS) EFF WEIGHT CL CD CL2 1/CD CDI/CD 
160.7 160.2 212.3 .8672 2854 
156.3 155.9 192.8 .867'3999 
2849 
,-.. 151.9 151.5 178.4 .8601 2045 
147.2 146.8 165.5 .a634 2842 
142.8 142.5 157.8 .8685 2833 
139 138.7 143.4 .868 2835 
134.4 134.1 131.1 .8647 2833 
129.4 129.1 121.8 .862 2829 
. 7'333:) 1 E-(:)2 
*126.1 125.9 114.6 .86 2824 
121.8 121.6 1 1 0  -8582 2822 
119.1 116.9 104.4 .8566 2819 
113.2 113 95.1 .8534 2818 
109 108.8 88.4 -8421 2815 
. 1878 
. 3729 . 4016 




47.5  .0796 
47.1  . 0883 
4 6 . 2  
44.3 . 1055 
45 .1191 
4 4 . 7  .1351 
43.1 .151 
42.5 .1645 
40 . 1775 
39.4 .1912 
T-7 :,/ . 3  .2215 
36.4 .2502 
FEATHERFILLED WINGS, TRANSITION FIXED AT 0.25c, FLT 115 
7-12-84 
C L  CL2 CD C L 4  c L 2 c D  cOCALC S r  i S t i  .................................................................... .................................................................... 
0.0000 0.0000 0.0190 0.0190 
0.1878 0.0353 0.0213 0.0012 0.0008 0.0209 1.41E-07 5.97E-06 
0.1981 0.0392 0.0211 0.0015 0.0008 0.0211 1.53E-09 4.97E-06 
0.2094 0.0438 0.0212 0.0019 0.0009 0.0214 3.50E-08 3.93E-06 
0.2227 0.0496 0.0216 0.0025 0.0011 0.0217 9.31E-09 2.80E-06 
0.2363 0.0558 0.0226 0.0031 0.0013 0.0220 3.22E-07 1.796-06 
0.2490 0.0620 0.0222 0.0038 0.0014 0.0224 2.71E-08 1.01E-06 
0.2661 0.0708 0.0224 0.0050 0.0016 0.0228 1.93E-07 2.81E-07 
0.2886 0.0833 0.0232 0.0069 0.0019 0.0235 9.66E-08 2.01E-08 
0.3012 0.0907 0.0235 0.0082 0.0021 0.0239 1.69E-07 2.93E-07 
0.3226 0.1041 0.0250 0.0108 0.0026 0.0246 1.37E-07 1.59E-06 
0.3370 0.1136 0.0254 0.0129 0.0029 0.0251 6.70E-08 3.14E-06 
0.3728 0.1390 0.0268 0.0193 0.0037 0.0265 8.44E-08 9.86E-06 
0.4016 0.1613 0.0275 0.0260 0.0044 0.0277 4.43E-08 1.88E-05 
1.33E-06 5.45E-05 
.................................................................... .................................................................... 
Straight Line Fit  Statistics 
Cg = .019026 + .053846C~~ 
Mean = 2.336923076923E-02 
SEE = 3.472092810701E-04 
(SEE = Standard Error of Estimate) 
c-57 
MODEL P12OK 
FLT NO: 122 
FEATHERFILL VERIFICATION 
PRESSURE OAT 14 I NG WING 
ALTITUDE AREA SPAN 
8000 48 174.786 36.1 
CAS VE BHF mop 






















































.19l  . 0206 
.1995 -021 

























.0755 . 0808 . (:)I37 
,0958 . 1c:)bEi . 1206 






FEATHERFILLED WINGS, FREE TRANSITION, FLT 122 
11-5-84 
CL CL2 CD CL4 c L 2 c D  cDCALC Sr i S t i  -------------------------------------------------------------------- .................................................................... 
0.0000 0.0000 0.0186 0.0186 
0.1828 0.0334 0.0208 0.0011 0.0007 0.0204 1.87E-07 1.87E-07 
0.1910 0.0365 0.0206 0.0013 0.0008 0.0205 5.14E-09 5.14E-09 
0.1995 0.0398 0.0210 0.0016 0.0008 0.0207 8.86E-08 8.86E-08 
0.2074 0.0430 0.0211 0.0019 0.0009 0.0209 5.25E-08 5.25E-08 
0.2182 0.0476 0.0212 0.0023 0.0010 0.0211 7.78E-09 7.78E-09 
0.2307 0.0532 0.0213 0.0028 0.0011 0.0214 1.12E-08 1.12E-08 
0.2458 0.0604 0.0214 0.0037 0.0013 0.0218 1.47E-07 1.47E-07 
0.2617 0.0685 0.0217 0.0047 0.0015 0.0222 2.56E-07 2.56E-07 
0.2889 0.0835 0.0220 0.0070 0.0018 0.0230 9.82E-07 9.82E-07 
0.3174 0.1007 0.0240 0,0101 0.0024 0.0239 1.06E-08 1.06E-08 
0.3445 0.1 187 0.0254 0.0141 0.0030 0.0248 3.17E-07 3.17E-07 
0.3704 0.1372 0.0261 0.0188 0.0036 0.0258 8.54E-08 8.54E-08 
0.3925 0.1541 0.0266 0.0237 0.0041 0.0267 8.40E-09 8.40E-09 
2.16E-06 5.42E-05 
.................................................................... -------------------------------------------------------------------- 
Straight Line Fit Statistics 
CD = .018616 + .052420C~~ 
Mean = 2.255384615385E-02 
SEE = 4.429787956701E-04 
(SEE = Standard Error of Estimate) 
c-59 
L A ,  I I ,,.- -. .. ..- . . .-  
MODEL M 2 C N  
... 
FEATHERFILL VERIFICATION 
PRESSURE OAT WING WING 
ALT I TUDE AREA SPAN 
80i)O 46 174.7136 36.1 
CAS VE BHP PROP 











164.3 219 ,8626 2841 
156.4 191.2 m8634 2857 
148.9 171 2 8639999 
2833 
146.8 147.1 m8646 2825 
133.3 124.9 .858 2821 
124.8 114.1 ,8549 2816 
1x1. 1 1(:)4.9 .8523 2813 
116.8 97.7 .8564 2011 
112.7 92 .8484 2809 
106.4 88.4 .a367 2806 
C-60 
.1778 











. (3466 . 050 . 0787 
.0934 . 1086 























FEATHERFILLED WINGS, FREE TRANSITION, FLT 123 
11-5-84 
CL CL2 CD CL4 cL2cD cDCALC Sr i St i  .................................................................... .................................................................... 
0,0000 0,0000 0.0186 0.0186 
0.1778 0.0316 0.0205 0.0010 0.0006 0.0204 1.12E-054.02E-09 
0.1960 0.0384 0.0207 0.0015 0.0008 0.0208 8.74E-061.78E-08 
0.2158 0.0466 0.0215 0.0022 0.0010 0.0213 6.16E-063.65E-08 
0.2409 0.0580 0.0222 0.0034 0.0013 0.0220 3.29E-064.95E-08 
0.2806 0.0787 0.0233 0.0062 0.0018 0.0232 3.66E-071.33E-08 
0.3057 0.0935 0.0241 0.0087 0.0023 0.0240 6.40E-083.24E-09 
0.3296 0.1086 0.0248 0.0118 0.0027 0.0249 1.30E-061.65E-08 
0.3481 0.1212 0.0251 0.0147 0.0030 0.0257 3.50E-063.13E-07 
0.3735 0.1395 0.0262 0.0195 0.0037 0.0267 8.64E-062.79E-07 
0.4184 0.1751 0.0295 0.0306 0.0052 0.0288 2.51E-054.87E-07 .................................................................... .................................................................... 
1.22E-06 6.84E-05 
Straight Line Fit Statistics 
CD = .018376 + .057972C~~ 
Mean = 2.379000000000E-02 
SEE = 3.905951011668E-04 
(SEE = Standard Error of Estimate) 
C-61 
MODEL MZOK 
FLT NO: 124 
FEATHERFILL VERIFICATION 
PRESSURE OAT WING WING 
ALT I TUDE AREA SPAN 
8000 46 174.786 36.1 
CAS VE BHP PROP 












. 117.4 117.2 
114.5 114.3 












































CL CD CL2 l/CD 
. 1758 . c m i  .0309 49. a 
.1899 .a21 .0361 47.7 . 196 .6207 .63134 413.4 
.2025 .0208 .041 48.1 



























.0657 . (1,734 
, (.,793 . (3842 





.1927 . 2059 
.23,74 
FEATHERFILLED WINGS, FREE TRANSITION, FLT 124 
11-6-84 
.................................................................... .................................................................... 
0.0000 0.0000 0.0184 0.0184 
0.1758 0.0309 0.0201 0.0010 0.0006 0.0203 5.85E-08 7.24E-06 
0.1899 0.0361 0.0210 0.0013 0.0008 0.0207 1.17E-07 5.64E-06 
0.1960 0.0384 0.0207 0.0015 0.0008 0.0208 1.04E-08 4.97E-06 
0.2025 0.0410 0.0208 0.0017 0.0009 0.0210 2.58E-08 4.29E-06 
0.2109 0.0445 0.0207 0.0020 0.0009 0.0212 2.24E-07 3.46E-06 
0.2280 0.0520 0.0219 0.0027 0.0011 0.0216 7.11E-08 1.96E-06 
0.2359 0.0556 0.0215 0.0031 0.0012 0.0219 1.28E-07 1.38E-06 
0.2556 0.0653 0.0227 0.0043 0.0015 0.0225 6.18E-08 3.38E-07 
0.2778 0.0772 0.0236 0.0060 0.0018 0.0232 1.79E-07 2.09E-08 
0.3032 0.0919 0.0243 0.0085 0.0022 0.0241 4.79E-08 1.10E-06 
0.3201 0.1025 0.0249 0.0105 0.0026 0.0247 3.00E-08 2.87E-06 
0.3400 0.1156 0.0256 0.0134 0.0030 0.0255 4.68E-09 6.25E-06 
0.3569 0.1274 0.0264 0.0162 0.0034 0.0263 2.15E-08 1.04E-05 
0.3832 0.1468 0.0269 0.0216 0.0040 0.0274 2.98E-07 1.95E-05 
1.28E-06 6.94E-05 
.................................................................... .................................................................... 
Straight Line F i t  Statistics 
CD = .OM448 + .061277C~~ 
Mean = 2.293571428571E-02 
SEE = 3.263943129077E-04 
(SEE = Standard Error of Estimate) 
C-63 
LIFT AND DRAG FROM SPEED POWER DATA 
MOOEL I%X)K 
FLT NO: 132 
4-3-85 
PAINTIFEATHERFILL N1179W 
PRESSURE OAT WING WING 
ALT I TUDE AREA SPAN 
10O~xJ 41 174.786 36.1 
CAS V E  bHP PROP 





















































9. 88000 1 E-02 
38.7 
110.1 109.9 91.5 .8379 2536 .3548 .a269 ,1259 37.2 * 
105 104.8 85.3 .8355 2531 .3893 -0288 -1515 34.8 
- _-- 
PAINTED AIRPLANE, FREE TRANSITION, FLT 132 
(Wings not Sanded after Painting) 
4-3-85 
CL CL2 CD CL4 c L 2 c D  cDCALC Sr i S t i  .................................................................... ---____------------------------------------------------------------- 
0.0000 0.00000 0.01899 0.01899 
0.1809 0.03272 0.02180 0.00107 0.00071 0.02106 5.52E-07 2.95E-06 
0.1928 0.03717 0.02150 0.00138 0.00080 0.02134 2.63E-08 4.07E-06 
0.2059 0.04239 0.02180 0.00180 0.00092 0.02167 1.73E-08 2.95E-06 
0.2188 0.04787 0.02180 0.00229 0.00104 0.02201 4.61E-08 2.95E-06 
0.2299 0.05285 0.02230 0.00279 0.00118 0.02233 8.88E-10 1.48E-06 
0.2447 0.05988 0.02290 0.00359 0.00137 0.02277 1.59E-08 3.82E-07 
0.2534 0.06421 0.02230 0.00412 0.00143 0.02305 5.60E-07 1.48E-06 
0.2729 0.07447 0.02280 0.00555 0.00170 0.02370 8.05E-07 5.16E-07 
0.3144 0.09885 0.02580 0.00977 0.00255 0.02524 3.15E-07 5.21E-06 
0.3548 0.12588 0.02690 0.01585 0.00339 0.02695 2.36E-09 1.14E-05 
0.3893 0.15155 0.02880 0.02297 0.00436 0.02857 5.19E-08 2.79E-05 .................................................................... -------------------------------------------------------------------- 
Straight Line Fit Statistics 
CD = .01899 + .06322C~~ 
Mean = 2.351818181818E-02 
(SEE = Standard Error of Estimate) 
SEE = 2.610584515995E-03 
C-65 
LIFT AND DRAG FROM SPEED POWER DATA 
MODEL M20K 
FLT NO: 133 
4-4-85 
FEATHERFILL/PAINT N1173W 
PRESSURE OAT WING WING 
ALTITUDE AREA SPAN 
6000 






"'. 143. 1 











































113i6 113.5 93.1 
65 174.786 36.1 
PROP 
EFF WEIGHT CL CD CL2 1/CD CDI/CD 
.8723 




.0659 . 8627 







































.2787 . 302 1 
.3376 




.0218 . (322 


























.061 . 0703 . (3767 . 08 15 











' 108.4 108.3 82.3 -849 2570 .3704 .027 -1372 37.1 .2171 
C-66 
PAINTED AIRPLANE, FREE TRANSITION, FLT 133 





















0.00000 0.01884 0.0 1884 
0.02883 0.02020 0.00083 0.00058 0.02051 9.43E-08 
0.03463 0.02100 0.00120 0.00073 0.02084 2.49E-08 
0.03849 0.02140 0.00148 0.00082 0.02107 1.12E-07 
0.04117 0.02160 0.00169 0.00089 0.02122 1.45E-07 
0.04722 0.02170 0.00223 0.00102 0.02157 1.71E-08 
0.05167 0.02180 0.00267 0.00113 0.02183 6.67E-10 
0.05983 0.02200 0.00358 0.00132 0.02230 8.84E-08 
0.06823 0.02290 0.00465 0.00156 0.02278 1.39E-08 
0.07333 0.02320 0.00538 0.00170 0.02308 1.51E-08 
0.07767 0.02330 0.00603 0.00181 0.02333 7.78E-10 
0.07812 0.02320 0.00610 0.00181 0.02335 2.36E-08 
0.09126 0.02400 0.00833 0.00219 0.02411 1.27E-08 
0.09175 0.02310 0.00842 0.00212 0.02414 1.08E-06 
0.10983 0.02490 0.01206 0.00273 0.02518 8.11E-08 
0.11397 0.02660 0.01299 0.00303 0.02542 1.38E-06 
0.12090 0.02560 0.01462 0.00309 0.02582 5.02E-08 
0.13720 0.02700 0.01882 0.00370 0.02677 5.50E-08 




















Straight Line Fit Statistics 
CD = ,01885 + .05772C~~ 
Mean = 2.335000000000E-02 
(SEE = Standard Error of Estimate) 
SEE = 2.139582319052E-03 
C-67 
LIFT AND DRAG FROM SPEED PUWER DATA 


















* i l l  
MODEL MZOE 
FLT NO: 137 
4-15-85 
FEATHERFILL + SANDED PAINT 
P-RESSURE OAT WING WING 
ALT I TUDE AREA SPAN 
8000 50 174.786 36.1 






































































































.0376 . 042 1 



























CD I /CD 
.062 
.07 













PAINTED AIRPLANE, FREE TRANSITION, FLT 137 
(Wings Sanded after Painting) 
4-15-85 
CL CL2 CD CL4 c L 2 c D  cDCALC Sr i St i  .................................................................... .................................................................... 
0.0000 0.00000 0.01896 0.01896 
0.1728 0.02986 0.02060 0.00089 0.00062 0.02067 4.61E-09 6.29E-06 
0.1846 0.03408 0.02080 0.00116 0.00071 0.02091 1.19E-08 5.14E-06 
0.1930 0.03725 0.02110 0.00139 0.00079 0.02109 9.86E-11 4.35E-06 
0.2052 0.04211 0.02120 0.00177 0.00089 0.02137 2.81E-08 3.27E-06 
0.2203 0.04853 0.02170 0.00236 0.00105 0.02173 1.20E-09 2.07E-06 
0.2319 0.05378 0.02180 0.00289 0.001 17 0.02203 5.49E-08 1.30E-06 
0.2514 0.06320 0.02290 0.00399 0.00145 0.02257 1.07E-07 3.63E-07 
0.2556 0.06533 0.02250 0.00427 0.00147 0.02269 3.78E-08 2.31E-07 
0.2626 0.06896 0.02270 0.00476 0.00157 0.02290 4.07E-08 7.47E-08 
0.2867 0.08220 0.02420 0.00676 0.00199 0.02366 2.94E-07 2.33E-07 
0.2929 0.08579 0.02400 0.00736 0.00206 0.02386 1.87E-08 4.74E-07 
0.3017 0.09102 0.02520 0.00829 0.00229 0.02416 1.08E-06 9.75E-07 
0.3228 0.10420 0.02460 0.01086 0.00256 0.02492 9.93E-08 3.03E-06 
0.3251 0.10569 0.02460 0.01117 0.00260 0.02500 1.60E-07 3.33E-06 
0.3500 0.12250 0.02610 0.01501 0.00320 0.02596 1.94E-08 7.76E-06 
0.3665 0.13432 0.02620 0.01804 0.00352 0.02664 1.90E-07 1.20E-05 
2.14E-06 5.09E-05 
.................................................................... -------------------------------------------------------------------- 
Straight Line F i t  Statistics 
CD = .01897 + .05708C~~ 
Mean = 2.313750000000E-02 
SEE = 1.905938283647E-03 
(SEE = Standard Error of Estimate) 
C-69 
LIFT AND DRAG FROM SPEED POWER DATA 
MODEL M Z W  
FLT NO: 138 
4- 16-85 




CAS VE BHP PROP 
(KTS) (KTS) EFF 
158.1 157.7 207.7 .8662 
6.360O0 1 E-02 
150.8 
. 146.4 
142.2 &, - *  . \  - 1  








150.4 183.5 .a668 
146 171.2 ,8671 




















































.(I431 . 0478 
,0534 . 060 1 
.0672 

















.074 . 08 1 
.0073 
.C)96b 












, ::.I 141. 8 
LIFT AND DRAG FRON SPEED POWER DATA 
MODEL MZOC: 
FLT NO: 139 
4-17-85 
FEATHEKFILL/SANDED PAINT/lO% STRIPS 
PRESSURE OAT WING WING 
ALTITUDE AREA SPAN 
8000 51 174.786 36.1 
VE BHP r m p  
(KTS) EFF WEIGHT CL CD CL2 l/CD CDIICD 
.0623 - -q-r 157.7 209.2 .8652 2642 . 1796 . 0221 . (JL*.L<* 45. 3 
150.9 185.1 .8658 2631 . 1952 .0223 . (1,381 44.8 . (1,729 
146 169.6 .8663 2611 .2068 .0226 .(I428 44.3 .081 
141.5 156.3 .8666 2601 ,2196 .Q229 .0482 43.7 
















































.0857 . l(X2 












PAINTED AIRPLANE, TRANSITION FIXED AT O.lOc, FLT 138 
(Wings Sanded after Painting) 
4-17-85 
CL CL2 CD CL4 c L 2 c D  cDCALC Sr  i S t i  .................................................................... --------------------____^_______________---------------------------- 
0.0000 0.00000 0.01988 0.01988 
0.1796 0.03226 0.02210 0.00104 0.00071 0.02201 8.24E-09 8.59E-06 
0.1952 0.03810 0.02230 0.00145 0.00085 0.02239 8.99E-09 7.46E-06 
0.2068 0.04277 0.02260 0.00183 0.00097 0.02270 1.05E-08 5.91E-06 
0.2196 0.04822 0.02290 0.00233 0.00110 0.02306 2.63E-08 4.54E-06 
0.2309 0.05331 0.02330 0.00284 0.00124 0.02340 9.60E-09 3.00E-06 
0.2425 0.05881 0.02380 0.00346 0.00140 0.02376 1.59E-09 1.51E-06 
0.2614 0.06833 0.02450 0.00467 0.00167 0.02439 1.25E-08 2.82E-07 
0.2798 0.07829 0.02500 0.00613 0.00196 0.02504 2.02E-09 9.47E-10 
0.2928 0.08573 0.02590 0.00735 0.00222 0.02554 1.33E-07 7.56E-07 
0.3196 0.10214 0.02700 0.01043 0.00276 0.02662 1.46E-07 3.88E-06 
0.3379 0.11418 0.02730 0.01304 0.00312 0.02741 1.25E-08 5.15E-06 
0.3608 0.13018 0.02800 0.01695 0.00364 0.02847 2.18E-07 8.82E-06 
0.4033 0.16265 0.03070 0.02646 0.00499 0.03061 8.37E-09 3.21E-05 
5.97E-07 8.20E-05 
-------------------------------------------------------------------- .................................................................... 
Straight Line F i t  Statistics 
CD = ,019882 + .065948C~~ 
Mean = 2.503076923077E-02 
SEE = 2.730762336247E-03 
(SEE = Standard Error of Estimate) 
c-73 
~ - ~~~ 
LIFT AND DRAG FROM SPEED POWER DATA 
MODEL MZOK 
FLT NO: 140 
4- 18-85 
FEATHERFILL/SANDED PAINT/Xi% TRIPPER STRIPS 
PRESSURE OAT WING WING 
ALT I TUDE AREA SPAN 





























































































PAINTED AIRPLANE, TRANSITION FIXED A T  0.25c, FLT 140 
(Wings Featherf i I led and Sanded) 
4-18-85 
CL CL * CD CL4 c L 2 c D  cDCALC Sr i S t i  .................................................................... .................................................................... 
0.0000 0.00000 0.01953 0.01 953 
0.1808 0.03269 0.02150 0.00107 0.00070 0.02145 2.90E-09 6.92E-06 
0.1912 0.03656 0.02150 0.00134 0.00079 0.02167 2.98E-08 6.92E-06 
0.2017 0.04068 0.02210 0.00166 0.00090 0.02191 3.46E-08 4.12E-06 
0.2167 0.04696 0.02210 0.00221 0.00104 0.02228 3.29E-08 4.12E-06 
0.2323 0.05396 0.02270 0.00291 0.00122 0.02269 7.65E-11 2.05E-06 
0.2423 0.05871 0.02300 0.00345 0.00135 0.02297 9.60E-10 1.28E-06 
0.2607 0.06796 0.02430 0.00462 0.00165 0.02351 6.23E-07 2.86E-08 
0.2751 0.07568 0.02320 0.00573 0.00176 0.02396 5.81E-07 8.66E-07 
0.2961 0.08768 0.02460 0.00769 0.00216 0.02466 4.13E-09 2.20E-07 
0.3155 0.09954 0.02530 0.00991 0.00252 0.02536 3.44E-09 1.37E-06 
0.3442 0.11847 0.02690 0.01404 0.00319 0.02647 1.88E-07 7.67E-06 
0.3623 0.13126 0.02690 0.01723 0.00353 0.02722 9.93E-08 7.67E-06 
0.4137 0.17115 0.02960 0.02929 0.00507 0.02955 2.54E-09 2.99E-05 
1.60E-06 7.31E-05 
.................................................................... -------------------------------------------------------------------- 
Straight Line Fit Statistics 
CD = .019533 + .058526C~~ 
Mean = 2.413076923077E-02 
(SEE = Standard Error of Estimate) 
SEE = 2.57871871474a~-o3 
. c-75 
